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Dlsclaimera 


The  findings  of  this  report  are  not  to  be  construed 
as  an  official  Department  of  the  Army  position,  un- 
less so  designated  by  other  authorized  docvunents. 

The  citation  of  trade  names  and  names  of  manufacturers 
in  this  report  is  not  to  be  construed  as  official 
government  endorsement  or  approval  of  comnercial  pro- 
ducts or  services  referenced  herein. 


Disposition 

% 

Destroy  this  report  when  it  is  no  longer  needed. 

Do  not  return  to  the  originator. 

This  project  has  been  accomplished  as  part  of  the  US 
Army  Manufacturing  and  Technology  Program,  which  has 
as  its  objective  the  timely  establishment  of  manu- 
facturing processes,  techniques  or  equipment  to  insure 
the  efficient  production  of  current  or  future  defense 
progreuns . 


I ABSTRACT 

i ■ 

Effort  has  commenced  on  the  MM&T  progreun  to 
establish  the  fabrication  techniques  and  requirements 
necessary  to  meet  hardware  production  levels  as  speci- 
fied in  the  subject  contract.  A PERT /TIME  Network 
was  developed  to  define  specific  management  and 
j engineering  objectives  within  the  overall  program. 

Initial  hermetic  cell  and  battery  component  design 
! has  been  developed  to  meet  and/or  exceed  all  per- 

formance, safety  and  environmental  specifications. 

The  basic  system  concepts  for  electrolyte  fill  and 
dispensing,  core  winding,  cathode/anode  manufacture 
and  hermetic  closure  have  been  defined  to  permit  sub- 
sequent integration  within  an  operational  production 
line.  Interface  with  automated  equipment  manufacturers 
continue  in  order  to  define  specific  machine  elements 
and  initiate  hardware  procurement  within  the  tj.me  frame 
of  the  PERT/TIME  Network. 


PURPOSE 


The  basic  objectives  of  this  program  are  to: 

a)  establish  the  producibility  of  the  speci- 
fied hermetically  sealed  lithium  cells 

and  batteries  by  mass  production  techniques 
and  facilities; 

b)  establish  and  improve  c]uality  control  sur- 
veillance and  inspection; 

c)  initiate  process  improvements  to  minimize 
overall  fabrication  costs  and  time. 

The  program  consists  of  six  (6)  primary  conponents: 

. Battery  and  Cell  Design 

, Electrolyte  Preparation  and  Dispensing  System 
. Core  Winding  Machine  Design 
. Cathode  Manufacture 
. Anode  Manufacture 
, Welding  Equipment  Design 

Evaluation  of  the  above  independent  tasks  will  be 
conducted  in  parallel  to  permit  subsequent  integration 
within  an  operational  manufacturing  process. 
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I,  INTRODUCTION 


The  Manufacturing  Methods  and  Technology  (MM&T) 
Project  No.  2759371  to  Establish  Automatic  Electrode 
Production  for  Lithium  Hermetic  Cells  requires  the 
establishment  of  production  techniques  for  hermetic 
lithium  cell  components,  cells  and  batteries  to  meet 
production  levels  delineated  in  the  contract.  Sp>eci- 
flcally,  the  following  hermetic  batteries  will  be  manu- 
factured utilizing  the  automatic  electrode  processes 
established  under  this  program: 


BA-5590 

( 

)/u 

BA- 5 5 74 

( 

)/u 

BA- 5 58 5 

( 

)/u 

BA-5841 

( 

)/u 

BA-5090 

( 

)Aj 

BA-5100 

( 

)/u 

BA-5842 

( 

)/u 

BA-5567 

( 

)Aj 

BA-5568 

( 

)/u 

BA-5598 

( 

)AJ 

The  production  engineering  goals  of  this  program 
are  to  perform  the  necessary  design,  development,  en- 
gineering, fabrication  of  special  tooling  and  construc- 
tion of  test  facilities  and  limited  production  equip- 
ment to  obtain  confirmatory  sample  approval;  and  to 
establish  a pilot  line  and  pilot  run  for  the  purpose 
of  demonstrating  a manufacturing  process. 


As  a result,  Power  Conversion,  Inc.  will  establish 
a Pilot  Line  and  demonstrate  the  capability  of  this 
line  with  at  least  20%  of  the  Pilot  Run  units.  The 
rates  to  be  met  are; 

5,000  "D"  Type  Cells  in  an  eight-hour  day. 

2,500  cells  other  than  "D"  Type*  cells  in  an 
eight-hour  day. 


♦Other  than  "D"  type  cells  are  those  cells  to  be  utilized 
in  the  fabrication  of  the  deliverable  batteries. 
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II.  GENERAL  DESCRIPTION  AND  RELATED 
STATE-OF-THE-ART 


As  required  under  this  program,  PCI  will  fabricate 
all  batteries  and  cells  utilizing  a non-reserve  lithixim 
organic  electrolyte  sulfur  dioxide  system,  PCI  has 
been  manufacturing  these  types  of  cells  over  the  past 
five  years.  The  following  description  will  briefly  de- 
lineate the  basic  state-of-the-art  cell  composition  and 
fabrication  techniques. 


A.  Cell  Composition 


The  basic  cell  consists  of  the  following  components; 

a)  A lithium  anode 

b)  A porous  carbon  cathode 

c)  A sulfur  dioxide /organic  solvent  electrolyte 

d)  A steel  housing  to  contain  the  cell  conponents 

e)  A non-woven  polypropylene  separator 

f)  A hermetic  seal 


B.  Cell  Reactions 


The  cell  reactions  occurring  in  this  system  are; 


Anode : 

2 

Li ^ 2 Li'*’ 

+ 

Cathode: 

2 

SO2  + 2e" m 

. S2O 

Full  Cell; 

2 

Li  + 2 SO2  . 

=2  °4  I 


C .  Cell  Components 
1 . Anode 


The  anode  is  fabricated  from  high  purity  (99.97% 
pure)  lithium  metal.  It  is  purchased  in  foil  form  on 
coils  in  various  widths  and  thicknesses.  The  range  of 
sizes  covered  under  this  program  are  0.2"  width  to  2.0" 
wide  and  .010"  to  .019"  thick. 


2 .  Cathode 


The  cathode  is  fabricated  from  a mixture  of  carbon/ 
binder  and  solvents  which  are  formed  onto  an  aluminum  - 
expanded  metal  current  collector. 


3.  SO2  •*  Organic  Electrolyte 


The  electrolyte  system  consists  of  three  components. 
These  components  include  SO2 . organic  solvent  and  lithium 
salt.  One  major  constituent  of  the  electrolyte  is  SO2. 

As  shown  in  the  full  cell  reaction,  SO2  is  utilized  in 
the  cell  reaction  to  form  Li2S204  precipitate.  This  pre- 
cipitate is  formed  in  the  pores  of  the  cathode  during 
cell  discharge.  The  organic  solvent  is  used  to  provide 
increased  solubility  levels  for  the  lithium  salt. 


4.  Cell  Separator 

The  cell  separator  prevents  direct  electrical  contact 
between  the  anode  and  cathode  while  allowing  ionic  and 
mass  transport  flow  between  them.  The  separator  is  fabri- 
cated from  polypropylene  and  varies  in  thickness  from 
.001  to  .005  inch  depending  upon  cell  performance  re- 
quirements. 


5 .  Cell  Housing 

The  cell  casing  is  fabricated  from  cold  rolled  steel 
which  varies  in  thickness  from  0.019  inches  to  0.012 
inches.  The  steel  is  nickel  plated  to  prevent  environ- 
mental corrosion.  Incorporated  in  the  cell  container  is 
the  safety  vent  mechanism.  The  cell  can  bottom  is  coined 
to  a designated  pattern.  This  coining  is  performed  to 
create  a thin  wall  section  in  the  container.  By  control- 
ling the  parameters  of  the  coined  area  (width,  thickness, 
and  location  as  well  as  state  of  anneal)  the  pressure  at 
which  the  cell  safety  mechanism  will  activate  can  be  con- 
trolled. The  cell  safety  mechanism  is  presently  designed 
to  activate  at  a pressure  of  550  + 50  psi.  Shown  in 
Section  V is  a more  detailed  description  of  this 
mechanism. 
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D. 


Cell  Design 


The  PCI  lithium  c<?ii  design  which  has  been  used 
over  the  past  five  years  will  be  used  as  the  basis  for 
the  required  cells  and  batteries.  Design  modifications 
will  be  implemented  as  required  to  facilitate  auto- 
mated assembly  and  reduce  overall  fabrication  costs. 

The  design  chosen  allows  flexibility  in  achieving  wide 
performance  capability  as  well  as  being  amenable  to 
automatic  production. 


The  conponents  as  described  previously  are  arranged 
within  the  cell  as  shown  in  Figure  1.  The  basic  cell 
structure  consists  of  a cylindrical  casing  containing  a 
spirally  wound  electrode  core.  This  core  is  coirposed 
of  a lithium  foil  anode,  polypropylene  separator  and  a 
plate  type  cathode.  These  conponents  are  sandwiched 
together,  insulated  by  the  separator  and  wound  to  form 
a spiral  which  is  subsequently  assembled  within  the 
nickel  plated  steel  can.  This  type  of  construction  pro- 
vides increased  electrode  surface  area  capable  of  yield- 
ing high  current  discharge  rates  over  a wide  temperature 
range. 
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III.  FABRICATION  PROCESSES 


The  fabrication  processes  which  have  been  utilized 
at  PCI  over  thfe  past  five  years  are  primarily  manual 
with  some  semi-automatic  operations.  The  following 
brief  description  outlines  the  current  techniques  utili- 
zed at  PCI  in  component  and  battery  manufacture. 


A.  Cathode  Manufacture 


The  cathode  as  described  previously  consists  of  a 
composite  structure  containing  carbon  and  polytetra- 
f luoroethylene  (PTFE)  resins  which  are  formed  onto  an 
expanded  aluminum  metal  current  collector. 

The  present  method  of  fabricating  the  cathode  con- 
sists of: 

1.  Mixing  quantities  of  carbon/binder , and  sol- 

vent in  proper  ratios  depending  upon  cell 
type  to  be  manufactured  and  number  of  cells 
to  be  fabricated. 

2 . Weighing  out  of  proper  aunounts  of  the  wet 
mix  material  for  a cathode  sheet. 

3.  Dispensing  the  material  in  a solvent  mix 

and  drying  to  remove  the  solvent  and  allow 
the  carbon/binder  mixture  to  uniformly  dis- 
perse onto  the  aluminum  grid. 

4.  The  sh'^et  is  then  sized  by  rolling,  pre- 
dried and  die  cut  to  size.  Current  col- 
lector tabs  are  then  welded  to  the  screen 
utilizing  resistance  welders. 

5.  The  individual  cathodes  are  then  final  dried 
to  remove  residual  solvent. 


B.  Anode  Manufacture 


The  anode  consists  of  a single  structure  of  pure 
lithium  in  ribbon  form,  onto  which  is  “staked"  a copper 
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collector  tab.  Fabrication  of  the  anode  consists  of 
obtaining  the  lithium  in  coil  form  to  specified  width  and 
thickness.  The  material  is  manually  cut  to  length  and 
a copper  tab  is  pressed  into  the  soft  malleable  lithium. 
Anode  manufacture  is  performed  in  a controlled  humidity 
environment  because  of  the  high  reactivity  of  lithium 
with  trace  amounts  of  moisture. 


C.  Cell  Assembly 

Cell  assembly  is  performed  within  a controlled 
humidity  environment.  This  is  necessary  to  prevent  mois- 
ture contamination  of  the  internal  cell  components. 


The  cell  assembly  operations  include  taking  the  pre- 
viously formed  lithium  anode  plate  and  cathode  plate  and 
separating  them  with  the  polypropylene  separator.  This 
sandwiched  construction  is  then  wound  on  a mandrel  into 
a spiral,  separator  is  cut,  and  the  spiral  core  placed 
into  a can.  Resistance  welds  are  then  made  between  the 
copper  tab  and  the  cell  case.  The  positive  weld  is  made 
between  the  aluminum  tab  on  the  cathode  and  the  terminal 
located  in  the  cell  cover. 


The  can  is  peripherally  welded  to  the  can  utilizing 
a plasma  arc  welder.  A cross  section  of  the  cell  top  is 
shown  in  Figure  2. 


The  cells  are  subsequently  transferred  to  an  area 
where  a polyvinyl  chloride  irradiated  heat  shrink  pro- 
tective sleeve  is  placed  on  the  cell. 


D.  Electrolyte  Preparation  and  Cell  Filling 


The  electrolyte  is  formulated  from  the  previously 
described  conponents  in  mixing  vessels.  The  capacity 
of  the  mixing  vessels  is  15  'liters.  Each  15-liter  tank 
yields  sufficient  electrolyte  mix  for  approximately  600 
"D"  cells. 


CROSS  SECTION  CELL  TOP 


Electrolyte  filling  consists  of  dispensing  tho 
electrolyte  into  a partially  evacuated  cell  to  pre- 
determined weight  specification. 


The  final  fill  operation  consists  of  hermetic 
closure  of  the  fill  port  located  within  the  center  of 
the  hermetic  top  assembly. 


IV.  PROGRAM  EVALUATION  & RKVIEW  TRCUNlQUi: 


A PERT  system  has  been  proposed  as  a means  of  com- 
paring current  performance  and  status  against  planned 
performance,  thereby  revealing  possible  problem  areas 
and  permitting  timely  corrective  action  on  the  causes 
rather  then  the  symptoms  of  the  problems.  This  PERT 
Network  is  a flow  diagraun  which  gives  a graphic  repre- 
sentation of  the  requirements  and  relationships  for 
various  disciplines  from  the  point  of  view  of  time  and 
effort  and  consists  of  significant  activities  and 
events.  In  estimating  the  length  of  time  to  complete 
an  activity,  a "most  likely"  time  figure  was  used,  as 
opposed  to  an  optimistic  or  pessimistic  one.  The 
critical  path  of  the  PERT  Network  reflects  the  path 
that  requires  the  longest  period  of  time  to  traverse. 


This  PERT  Network  has  been  designed  and  the  ex- 
pected elapsed  times  of  each  activity  are  shown  in 
Figure  3. 


The  following  is  a list  of  the  major  tasks  covered 
in  the  PERT  Network: 

1.  Cell  & Battery  Design 

2.  Electrolyte  & Fill  System  Design  & 
Manufacturing 

3.  Core  Winding  and  Assembly  Machine  Design 
and  Manufacture 

4.  Cathode  Machine  Design  and  Manufacture 

5.  Anode  Machine  Design  and  Manufacture 

6.  Welding  Systems  Design  and  Integration 


The  above  tasks  are  represented  in  the  Network 
by  its  major  horizontal  "arms".  As  work  progresses  on 
these  initially  independent  items  they  may  then  be  in- 
tegrated into  an  operational  production  system.  This 
first  occurs  at  location  C7  during  fabrication  of  the 
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confirmatory  sanqplea  and  later,  after  equipment  reevalua- 
tion and  up-grading,  during  final  pilot  run  operation 
which  is  estimated  to  be  completed  during  the  90th  week 
of  this  program. 


As  indicated  in  Figure  3,  the  critical  path  is 
first  along  the  development  of  the  cell  core  winding 
equipment  and  then  continues  along  the  automatic 
cathode  line. 


Figure  4 la  a block  diagram  showing,  in  ainplified 
form,  the  major  areas  of  the  PERT  Network. 


As  the  work  described  in  the  body  of  this  rep>ort 
indicates , PCI  has  closely  adhered  to  the  schedules 
shown  in  the  PERT  Network. 
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V.  MANUFACTURING  PROCESS  DEVELOPMENT 


A. C cell  and  Battery  Design 


The  subject  contract  requires  the  design  and  fabri- 
cation of  ten  different  types  of  batteries  which  Will 
utilize  hermetically  sealed  cells.  Such  cells  will  con- 
form to  the  specifications  im^sed  under  SCS-459,  Bat- 
teries, Primary  Lithium  Organic  dated  17  May  1974, 


1.  Cell  Design 


An  analysis  was  performed  to  determine  the  specific 
cell  design  configurations  which  will  meet  or  exceed 
the  performance,  safety  and  environmental  specifications. 
The  basic  design  considerations  were  as  follows: 


. Discharge  Capacity  and  Rate 
. Operational  Voltage  Limits 
. Start-up  Requirements 
. Dimensional  Configuration  and  Weight 
Restrictions 

. Environmental  Requirements 
. Cell  Safety 

. Fabrication  and  Material  Costs 


These  designs  were  based  upon  maintaining  the  proper 
stoichiometric  proportions  of  the  active  components, 
electrode  utilization  efficiency,  available  internal  cell 
volume  and  minimum  current  density  levels  especially  dur- 
ing high  current  pulsed  duty  cycles. 
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Cell  sub-assembly  corrponent  prototypes  are  pre- 
sently being  constructed  to  verify  conformance  to  the 
required  dimensional  configuration.  Each  cell  com- 
ponent will  be  exposed  to  each  of  the  assembly  and 
test  environments  to  permit  early  definition  and 
isolation  of  any  problem  areas.  Such  information 
will  be  necessary  to  properly  design  and  select  the 
various  automatic  equipment  which  will  be  used  for 
this  program.  In  addition,  timely  corrective  action 
will  help  prevent  re-occurrence  of  these  problems 
during  the  engineering  prototype  manufacture  phase. 


Test  cells  will  be  constructed  during  the  next 
reporting  period  to  demonstrate  cell  performance  un- 
der the  required  electrical  and  thermal  discharge 
profiles.  Design  modifications  and  improvements  will 
be  made  based  upon  these  test  results. 


2 . Cell  Safety 


Our  primary  concern  has  been  the  development  of 
effective  safety  mechanisms  to  insure  non-hazardous 
operation  under  all  conditions  of  storage,  use  and 
operation.  Basic  considerations  for  such  safety 
mechanisms  were  system  reliability,  effectiveness, 
economics  and  adaptability  to  automated  production. 


The  proposed  vent  structure  located  in  the  base  of 
the  cell  can  essentially  consists  of  three  longitudinal 
ribs  and  a coined  vent  section  as  shown  in  Figure  6. 

The  coined  area  is  subsequently  annealed  to  reduce 
shear  strength  and  minimize  stress  corrosion.  Vent 
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pressure  is  controlled  by  the  overall  geometry  of  the 
ribs,  the  dimensional  configuration  of  the  coined  sec- 
tion and  the  state  of  annealing.  Essentially,  the 
ribbed  section  acts  as  a cantilever  which  transmits 
pressure  to  the  coined  section.  Cell  venting  is 
caused  by  shearing  of  the  coined  section  which  results 
in  complete  venting  of  the  pressurized  electrolyte 
and  cell  deactivation. 

Coined  section  thickness  is  monitored  during  fabri- 
cation of  the  vent  within  the  can  structure  to  assure 
conformance  to  pre-established  specifications.  Cell 
venting  pressure  is  quantitatively  measured  using  a 
hydraulic  pressure  test  fixture  to  simulate  the  vapor 
pressure  within  a completed  cell.  Preliminary  results 
indicate  that  venting  pressure  is  approximately  400  - 
500  psi.  Studies  are  in  progress  to  determine  the 
quantitative  effect  of  various  levels  of  annealing  and 
material  hardness  on  vent  pressure  levels  in  order  to 
assure  consistent  and  reproducible  operation. 

Completed  hermetic  cell  assemblies  have  been  fabri- 
cated and  subjected  to  the  following  environments  to 
evaluate  the  vent  characteristics  and  to  determine  the 
presence  of  stress  corrosion  at  the  coined  section; 

. Short  Circuit  Test  - Test  cells  were  subjected 
to  a continuous  external  short  circuit  (less 
than  0.1  ohm).  External  case  tenperature 
was  continuously  monitored.  Results  to  date 
indicate  safe  vent  activation  at  a tenperature 
of  170  - 195^F.  However,  it  should  be  noted 
that  such  thermal  measurements  are  not  indi- 
cative of  internal  cell  temperature  due  to 
poor  thermal  conductivity  of  the  electrolyte. 

. High  Temperature  Exposure  - Test  cells  were 
subjected  to  high  temperature  levels  at  a 
rate  of  20F/minute  to  determine  the  actual 
cell  venting  temperature.  Preliminary  results 
indicate  a vent  temperature  of  220  to  250®F. 

. Elevated  Temperature  Storage  - Test  cells  were 
stored  at  700c  and  lOO^C  for  30  days  to  deter- 
mine the  effects  of  extended  thermal  storage 
on  vent  integrity.  All  samples  successfully 
withstood  the  above  thermal  environments  without 
venting.  Subsequent  cell  dis-assembly  and 
examination  showed  no  evidence  of  electro-chemical 
or  stress  corrosion  at  the  vent  interface. 
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CASE  BOTTOM 


While  the  reliability  of  this  venting  technique 
has  been  demonstrated  for  cells  having  a minimum  dia- 
meter of  l^i  inches,  a problem  exists  for  smaller  dia- 
meters since  resultant  forces  become  minimal  as  cell 
diameters  become  relatively  small.  As  an  exeunple,  the 
utilization  of  this  technicjue  for  a .625  diameter  cell 
would  result  in  only  40  inch-pounds  acting  on  the  coined 
section.  In  this  case,  the  coined  section  thickness 
would  be  so  thin  as  to  make  this  approach  ioqpractical . 


For  cells  having  a diauneter  of  less  than  1^5  inches, 
an  alternative  venting  technique  has  been  developed  and 
is  shown  in  Figure  7.  In  operation,  the  support  disc 
tends  to  remain  flat  since  internal  cell  pressure  is 
acting  on  both  of  its  faces.  Conversely,  the  cell  bot- 
tom begins  to  bow  as  pressure  increases.  At  a pre- 
determined pressure,  which  can  be  closely  regulated  by 
varying  the  degree  of  case  bottom  coining,  annealing 
and  nugget  diameter,  the  coined  section  is  sheared 
allowing  venting  of  the  pressurized  electrolyte. 


A second  alternative  venting  technique  being  con- 
sidered consists  of  a coined  vent  section  located  in  the 
can  wall  and  parallel  to  the  center  line.  The  coined 
area  is  subsequently  annealed  to  reduce  shear  strength 
and  minimize  stress  corrosion.  Vent  pressure  is  con- 
trolled by  the  overall  geometry  of  the  coined  section 
and  the  relative  state  of  anneal.  This  vent  design 
concept  will  result  in  a minimal  loss  of  internal  cell 
volume:  an  important  consideration  in  the  design  of 
small  dicuneter  cells  since  cell  capacity  is  directly 
proportional  to  available  internal  volume. 


Prototype  tooling  is  presently  being  fabricated  to 
permit  evaluation  of  both  vent  designs  during  the  next 
quarterly  period.  Such  test  data  will  be  used  as  the 
basis  for  selecting  the  optimal  design  approach. 


20 


3.  Battery  Design 


a.  BA-5598/U  battery  will  consist  of  five  (5) 
series  connected  cells  as  shown  in  Figure 
8.  Nominal  output  voltage  will  be  14.4 
volts  with  an  auxiliary  3-volt  tap.  Each 
section  will  be  protected  by  a replaceable 
3.2  amp  time  delay  fuse.  The  battery  will 
be  encapsulated  with  flame  retardant  poly- 
urethane foam.  The  cell/battery  design 
specifications  are  shown  in  Table  2. 


b,  ba-siooAi 

The  BA-5100AJ  battery  will  consist  of  two 
(2)  aeries  connected  cells  as  shown  in 
Figure  9.  Nominal  output  voltage  will  be 
5.6  volts.  The  battery  will  not  be  pro- 
tected by  a fuse.  The  cell/battery  design 
specifications  are  shown  in  Table  3. 


c.  BA-5590/U 

The  BA-5590/U  battery  will  consist  of  ten 
(10)  series  connected  cells  as  shown  in 
Figure  10.  Nominal  output  voltage  of  each 
independent  section  is  12.0  volts.  Each 
section  will  be  protected  with  a replaceable 
C/3  amp  fuse.  The  battery  will  be  encap- 
sulated with  flame  retardant  polyurethane 
foam.  The  cell/battery  design  specifica- 
tions are  shown  in  Table  4. 


d.  BA-5842/U 

The  BA-5842/U  battery  will  consist  of  four 
(4)  cells  connected  in  two  parallel  sections 
as  shown  in  Figure  11.  Nominal  output  voltage 
will  be  5.5  volts.  Each  section  will  be  pro- 
tected with  type  IN91  diodes  to  prevent  re- 
verse discharge  between  cells  in  the  parallel 
banks.  The  battery  will  be  protected  with 
a MVD  3.2  amp  time  delay  fuse  on  the  posi- 
tive output  leg.  The  battery  assembly  will  be 
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d.  BA-5842/U  (Cont’d) 

packaged  within  a steel  container  with  a 
glass/epoxy  header  terminal . The  assembly 
will  be  encapsulated  with  an  epoxy  resin 
to  restrain  the  cells  during  environmental 
exposure.  Techniques  for  epoxy  applica- 
tion are  presently  being  evaluated  to  in- 
sure that  cell  safety  vent  performance 
will  not  be  adversely  affected.  The  cell/ 
battery  design  specifications  are  shown 
in  Table  5. 


e.  BA-5585/U 

The  BA-5585/U  battery  will  consist  of  ten 
(10)  series  connected  cells  as  shown  in 
Figure  12.  Nominal  output  voltage  of  each 
independent  section  is  12.0  volts.  Each 
section  will  be  protected  with  a replaceable 
■ C/3  amp  fuse.  The  battery  will  be  encap- 
sulated with  flame  retardant  polyurethane 
foam.  The  cell/battery  design  specifica- 
tions are  shown  in  Table  6. 

f.  BA-5567/U 

The  BA-5567/U  battery  will  consist  of  one 
(1)  cell  enclosed  in  a plastic  case  with  an 
insulating  space  on  the  bottom.  Required 
positive  and  negative  terminals  will  be 
welded  in  accordance  with  the  battery  con- 
figuration shown ‘ in  Figure  13.  No  fuse  is 
required  for  this  battery.  The  cell/ 
battery  design  specifications  are  shown  in 
Table  7. 

g.  BA-5568/U 

The  BA-5568/U  battery  will  consist  of  five 
(5)  series  connected  cells  as  shown  in 
Figure  14.  Nominal  output  voltage  will  be 
12.5  volts.  The  battery  will  not  be  pro- 
tected with  a fuse.  The  completed  assembly 
will  be  packaged  within  a .015  inch  thick 
wall  fiberboard  tube  and  the  ends  crimped 
to  mechanically  restrain  the  cells.  The 
cell/battery  design  specif ications  are  shown 
in  Table  8. 
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h.  BA-5841/U 

The  BA-5841/u  battery  will  consist  of  six 
(6)  cells  stacked  in  two  rows  and  packaged 
in  a plastic  container  as  shown  in  Figure 
15.  The  container  will  be  fabricated  from 
a molder  phenolic  resin  with  a wall  thick- 
ness of  approximately  .040  inch.  The  ex- 
ternal terminals  will  be  coated  with  sili- 
cone rubber  sealant.  Type  RTV-102.  The 
battery  will  be  encapsulated  with  an  epoxy 
compound  capable  of  withstanding  teiqpera- 
tures  of  -85  to  1650F  without  deformation. 

The  battery  will  be  protected  with  a non- 
replaceable  c/3  amp  fuse.  The  cell/battery 
design  specifications  are  shown  in  Table  9. 

i.  BA-5574/U 

The  BA-5574/U  battery  will  consist  of  two 

(2)  series  connected  cells  as  shown  in 
Figure  16.  The  battery  assembly  will  be 
packaged  within  a .025  inch  thick  extruded 
PVC  tube.  Press  fit  connector/cap  assemblies 
will  be  cemented  at  each  end  using  Araldite 
502  or  equivalent.  This  connector  will 
serve  as  the  positive  battery  terminal. 

The  sleeve  end  will  be  filled  with  silicone 
rubber  sealant,  Type  RTV-102.  The  battery 
will  not  be  protected  by  a fuse.  The  cell/ 
battery  design  specifications  are  shown  in 
Table  10. 

j.  BA-5090/U 

The  BA-5090/U  battery  will  consist  of  three 

(3)  series  connected  cells  as  shown  in 
Figure  17.  The  battery  will  not  be  protected 
by  a fuse.  The  battery  will  be  packaged 
within  a cold  rolled  steel  case.  Snap-on 
type  terminals  ANSI  XVII  will  be  used.  The 
cell/battery  design  specifications  are 
shown  in  Table  11. 
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-5598A>  BATTERY  AND  SCHEMATIC 


TABLE  2 

BA-5598/U  cell  REQUIREMENTS 


ELECTRICAL 

Load  Voltage  2 volts  min.  after  a 5 

sec.  pulse  through  a 
2.5  ohm  resistance  load 

Discharge  Capacity  55  hours  to  2.0  volts 

against  duty  cycle  shown 
below  after  two  weeks 
storage  at  160F  and  dis- 
charge at  -20F 

BA-5598A>  battery  REQUIREMENTS 


PHYSICAL 

Number  of  Cells 
Dimensions: 
Height 
Length 
Width 

Weight  (max.) 
Connector 
Battery  Jacket 


5 

2.062  + .062  inch 
4.687  + .062  inch 
3.562  + .062  inch 
1.5  lbs. 

P/N  103-llM  (Connector  Corp.) 
Waterproof  paperboard 


ELECTRICAL 

Test 

Stand  Weeks 
@ 160F 

Stand  Weeks 
@ 130F 

Disch^  ^ ^ 
Temp . , F 

. 1 
Service 

Hours 

I 

0 



70 

+2 

50 

L 

0 

— 

-20 

±3 

35 

H 

0 

— 

130 

+ 3 

50 

HT 

4 

— 

130 

+ 3 

45 

LT 

4 

— 

-20 

+3 

30 

T 

- 

13 

70 

+2 

45 

D 

- 

52 

70 

+2 

45 

(1) 

After  16 

hours  stabilization 

at  test 

tertp. 

(2) 

Time  required  at  beginning  of 

discharge  shall  not 

exceed  o. 

seconds 

to  reach  10.0 

volts . 

Cut-off 

Voltage  A2 

unit 

10.0  volts 

Duty  Cycle  A2 

unit 

14.2  ohms  for 

2 minutes 

291  ohms  for  18  minutes 
and  repeat 


Drop  Test:  When  the  battery  is  tested  in  accordance  with  this 

specification,  the  socket  shall  not  move  beyond 
the  limits  specified  herein  nor  shall  the  com- 
ponents shift  within  the  jacket,  or  preclude  the 
battery  from  meeting  specified  "I"  capacity 
test  performed  at  the  conclusion  of  the  jacket 
integrity  test. 
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BA-5100AJ  BATTERY  & SCHEMATIC 


FIGURE  9 


TABLE  3 

BA-5100/U  CELL  REQUIREMENTS 


ELECTRICAL 

Load  Voltage 


Discharge  Capacity 


2.5  volts  minimum  after 
5 sec.  through  5-ohm 
level 

23  hours  to  2.25  volts 
with  load  of  30  ohms  at 
-20F  following  2 weeks 
storage  at  160F 


BA-5100/U  BATTERY  REQUIREMENTS 


PHYSICAL 

Nuial>er  of  Cells 

Dimensions: 

Diameter 

Height 

Weight  (max.) 
Connector 


1 . 500  inch 
2.562  inch 

85  grama 

See  SCS-459/9 
Sheet  1 of  5 


ELECTRICAL 


Test 


Stand  Weeks 
ig  160F 


Stand  Weeks 
g 130F 


Disch 


Service 

Hours 


I 0 70  +2 

L 0 -20  +3 

H 0 130+3 

HT  4 130  +3 

LT  4 -20  +3 

T - 13  70+2 

D - 52  70  +2 

(1)  After  16  hours  stabilization  at  test  temp. 

(2)  Initial  closed  circuit  voltages  below  4.5  volt  can  not 
exceed  1.0  second  duration. 


Voltage  max. 
Cut-off  Voltage 
Load 

Pulse  Capability 


6.0  volts 
4.5  volts 

60  ohms  continuous 

Under  a load  of  10  ohms 
voltage  to  be  above 

5.0  volts  for  a period 
of  30  seconds 


•* 
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TABLE  4 


BA-5590/U  CELL  REQUIRt':  MENTS 


ELECTRICAL 


Load  Voltage 
Discharge  Capacity 


2 volts  min.  after  5 sec. 
through  2 . 5 ohms 

26.5  hours  to  2.0  volts 
with  cyclic  load  accord- 
ing to  duty  cycle  shown 
below  except  resistance 
load  multiplied  by  0.1 
at  -20F  following  two 
weeks  storage  at  160F 

BA- 5 5 90 A>  BATTERY  REQUIREMENTS 


PHYSICAL 

Number  of  Cells 
Dimensions : 


10 


Height 

5.00 

+ .000 
- .003 

Length 

4.40 

+ .000 
- .003 

Width 

2.45 

+ .000 
- .063 

Weight  (max.) 

2.25 

lbs . 

inch 


inch 


inch 


Connector 

Battery  Jacket 
ELECTRICAL 


Miniature  Circular  Per 
Drawing  ES-C-211486 

Waterproof  paperboard 


Test 

I 

L 

H 

HT 

LT 

T 

D 


Stand  Weeks 
g>  160F 

0 

0 

0 

4 

4 


Stand  Weeks 
@ 130F 


13 

52 


Disch^  ^ ^ 
Temp . , F 

Servi< 

Hou] 

70 

+ 2 

48 

-20 

+ 3 

24 

130 

+ 3 

42 

130 

+ 3 

38 

-20 

+ 3 

21 

70 

+ 2 

28 

70 

+ 2 

28 

.(2 


(1)  After  16  hours  stabilization  at  test  temp. 

(2)  Transient  voltages  below  the  20.0  volt  end  voltage  can  not 
exceed  a 0.1  second  duration 


Voltage  Maximym  32  volts 

Cut-off  Voltage  20  volts 

Duty  Cycle:  Battery  consisting  of  two  (2)  12  volt  sections 

connected  in  series  shall  be  discharged  through 
39  ohms  for  1 min*,  then  through  560  ohms  for  9 
min  and  repeat 

*An  8 ohm  pulse  load  will  be  applied  during  the  first  100  ms  of 
each  1 min  cycle.  3q 


TABLE  5 


BA-5842/U  CELL  REQUIREMENTS 


ELECTRICAL 


Load  Voltage 
Discharge  Capacity 


2 volts  min.  after  5 sec. 
through  2 . 5 ohms 

26.5  hours  to  2 volts 
with  175  mA  load  at  -20F 
following  two  weeks 
storage  at  160F 


BA-5642AJ  BATTERY  REQUIREMENTS 


PHYSICAL 


Number  of  Cells 

Dimensions : 

Height 

Width 

Length 

Weight  (max.) 
Connector 
Battery  Potting 


5.687  inch 
1.500  inch 
2.750  inch 

20  ounces 

MS3102A10SL4P  (Bendix) 
Epoxy;  capable  of  with- 


standing  -65c 

to  75C 

ELECTRICAL 

Maximum  Voltage 

6 volts 

Capacity 

Testa 

Disch^^^ 

Stand  Weeks 

Stand  Weeks 

Service 

Test 

@ 160F 

@ 130F 

Temp. ,F 

in  Hours 

I 

0 

— 

70  +2 

48 

L 

0 

— 

-20  +3 

24 

H 

0 

— 

130  +3 

42 

HT 

4 

— 

130  +3 

40 

LT 

4 

-20  +3 

23 

T 

- 

13 

70  +2 

43 

D 

— 

52 

70  +2 

43 

(1)  After  16  hours  stabilization  at  test  temp. 

Voltage  delay  Initial  closed-circuit 

voltages  below  4.0  volt 
end  voltage  can  not  ex- 
ceed 1.0  sec.  duration 


.350  nvA  continuous 
4.0  volts 


Discharge  Load 
Cut-off  Voltage 

Closed-Circuit  Voltage:  Closed  circuit  voxtage  shall  be 

observed  for  a period  of  30  seconds  with  a D.C. 

■nd  a 


Voltmeter,  using  a load  resistance  of  11  ohms  ?r 
minimum  permissible  voltage  of  4.0  volts 
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750r.03l 


TABLE  6 


BA-5585/U  CELL  REQUIREMENTS 


ELECTRICAL 


Load  Voltage  2 volte  min.  after  5 sec. 

through  2 . 5 ohms 

Discharge  Capacity  13.2  hrs.  to  2.0  volts  with 

cyclic  load  according  to 
duty  cycle  shown  below  ex- 
cept resistance  load  multi- 
plied by  0,1  at  -20F  fol- 
lowing two  weeks  storage 


at  160P 

BA-5585AJ  BATTERY  REQUIREMENTS 

PHYSICAL 

Number  of  Cells 

10 

Dimensions: 

Height 

3.50 

+ 

.000 

.003 

inch 

Length 

4.40 

+ 

.000 

.063 

inch 

Width 

2.45 

+ 

,000 

inch 

.063 

Weight 

1.75 

lbs. 

Connector  Miniature  Circular  per 

Drawing  ES-C-211488 


Battery  Jacket  Waterproof  paperboard 


ELECTRICAL 

Stand  Weeks 

Stand  Weeks 

Disch  ^ ^ ^ 

Service 

Test 

@ 160F 

@ 130F 

Temp.  ,F 

Hours 

I 

0 

- — 

70  +2 

24 

L 

0 

— 

-20  +3 

12 

H 

0 

— 

130  +3 

21 

HT 

4 

— 

130  +3 

19 

LT 

4 

— 

-20  +3 

10 

T 

- 

13 

70  +2 

14 

D 

— 

52 

70  +2 

14 

(2) 


(1)  After  16  hours  stabilization  at  test  temp. 

(2)  During  initial  one  minute  of  discharge  transient  voltages 
can  not  be  below  20.0  volts  for  greater  than  0.1  second 
duration. 


Cut-off  Voltage  20  volts 

Duty  Cycle:  Battery  consisting  of  two  {2)  12  volt  sections 

connected  in  series  shall  be  discharged  through 
39  ohms  for  1 min.*,  and  then  through  560  ohms 
for  9 min.  and  repeat. 

*An  8 ohm  pulse  load  will  be  applied  during  the  first  100  ms 
of  each  1 min.  load  discharge. 
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BA-5567/U  battery  & SCHEMATIC 
figure  13 

35 


. Wtr 


4. 


TABLE  7 


BA-5567/U  CELL  REQUIREMENTS 


ELECTRICAL 

Load  Voltage 


2 volts  minimum  after  6 
second  pulse  through  a 10 
ohm  resistance  load 


Discharge  Capacity  13.2  hours  to  2.0  volts 

against  duty  cycle  shown 
below  after  two  weeks 
storage  at  160F  and  dis- 
charge at  -20F 

BA- 5 567 /U  BATTERY  REQUIREMENTS 

PHYSICAL 

Number  of  Cells  1 


Dimensions: 

Dicuneter 

Height 

Weight  (max. ) 
Terminal 


1.030  + .030  inch 
.718  + .031  inch 

20  grams 

See  Figure 


Battery  Jacket 


Waterproof  paperboard 


ELECTRICAL 


Test 

Stand  Weeks 
@ 160F 

Stand  Weeks 
@130F 

Disch^  ^ ^ 
Temp . , F 

Service 

Hours 

I 

0 

70  +2 

20 

L 

0 

— 

-20  +3 

12 

H 

0 

— 

130  +3 

13 

HT 

4 

— 

130  +3 

17 

LT 

4 

— 

-20  +3 

10 

T 

- 

13 

70  +2 

17 

D 

- 

52 

70  +2 

18 

After 

16  hours  stabilization  at  test 

temp. 

(2)  Time  required  at  beginning  of  discharge  to  reach  2.0  volts 
shall  not  exceed  1 second  when  using  a load  resistance  of 
50  ohms . 


Cut-off  Voltage 


2.0  volts 


Duty  Cycle 


Constant  discharge 
through  a 50  ohm 
resistance 
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TABLE  8 


BA-5568/U  CELL  REQUIREMENTS 


ELECTRICAL 

2 volts  min.  after  5 sec. 
pulse  with  a 10  ohm  re- 
sistance load 

7.7  hours  to  2.0  volts 
against  duty  cycle  shown 
below  after  two  weeks 
storage  at  160P  and  dis- 
charge at  -20F  (Load  re- 
sistance X .2) 

BA-5568AJ  BATTERY  REQUIREMENTS 

PHYSICAL 

Number  of  Cells  5 


Load  Voltage 
Discharge  Capacity 


Dimensions: 


Diameter 

Height 

Weight  (max. ) 
Connector 


0.94  + .03  inch 
3.00  + .05  inch 

85  grams 

None  required 


Battery  Jacket  Hi-lmpact  ABS  plastic  or 

equivalent,  olive  drab 
No.  24087  per  FED  STD-595 


ELECTRICAL 

Test 

Stand  Weeks 
(§  160F 

Stand  Weeks 
@ 130F 

Disch^  ^ ^ 
Temp . , F 

( 2 ) 

Service 

Hours 

I 

0 

— 

70  +2 

12 

L 

0 

— 

-20  +3 

7 

H 

0 

— 

130  +3 

10 

HT 

4 

— 

130  +3 

9 

LT 

4 

— 

-20  +3 

6 

T 

- 

13 

70  +2 

10 

D 

- 

52 

70  +2 

10 

(1)  After  16  hours  stabilization  at  test  temp,  voltage. 


(2)  Time  required  at  beginning  of  discharge  shall  not  exceed 
1 second  to  reach  9.0  volts. 


10.0  volts 


Cut-off  Voltage 
Duty  Cycle 


150  ohms  constant  resis- 
tance 


u*. 


r 


TABLE  y 

BA-5B41/U  CELL  REQUIREMENTS 


ELECTRICAL 

Load  Voltage 

Discharge  Capacity 


2 volts  min.  after  5 sec. 
through  8-ohm  load 

24.2  hours  to  1.8  volt 
with  load  of  70  ohms  at 
-20F  following  2 weeks 
storage  at  160F 


BA-5841/U  BATTERY  REQUIREMENTS 


PHYSICAL 

Number  of  Cells 

Dimensions: 

Height 

Width 

Length 

Weight  (max.) 
Connectors 


6 


.750  inch 
2.093  inch 
5.625  inch 

10  ounces 

Located  at  one  end  of  bat- 
tery and  covered  with 
silicone  rubber  RTV-102 


ELETRICAL 


(1) 

(2) 


Stand  Weeks 

Stand  Weeks  Disch 

(1) 

Service 

Test 

160F 

^ 130F 

Temp. 

Hours 

I 

0 

— 

70 

+ 2 

15 

L 

0 

— 

-20 

+ 3 

8 

H 

0 

— 

130 

+ 3 

13 

HT 

4 

— 

130 

+ 3 

12 

LT 

4 

— 

-20 

+ 3 

7 

T 

- 

13 

70 

+ 2 

13 

D 

- 

52 

70 

+ 2 

13 

After  16  hours  stabilization  at  test  temp. 

Closed 

circuit  voltages 

below  10.8 

volts  can 

not 

exceed  1.' 

second 

duration 

Voltage 

max. 

18.0  volts 

Cut-off 

Voltage 

13.2  volts 

Load  135  ohms  continuous 


Pulse  Capability 


Under  a load  of  24  ohms 
voltage  to  be  above  12 
volts  for  a period  of 
30  seconds 


I 


40 


insert 


_x: 


- o I O 


CAP 


V O o o 

^Z  ^IS  -oV>- 


OUTER  JACKET- 


0'  RING 


I N SUL A 1 OP 


1—1 


BA-5574/U  battery  & SCHEMATIC 
FIGURE  16 
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TABLE  10 


BA-5574AJ  CELL  REQUIREMENTS 


ELECTRICAL 


Load  Voltage 
Discharge  Capacity 


2 volts  min.  after  5 sec. 
through  2 ohm 

4.4  hours  to  2,0  volts 
with  load  of  23.5  ohms  at 
-20F  following  2 weeks 
storage  at  160F 


BA-5574/U  BATTERY  REQUIREMENTS 


PHYSICAL 


Nvmiber  of  Cells 
Dimensions : 

Height 

Dia.  Cell  Stack 
Dia.  Cap 
Weight  (max.) 
Connector 


1 . 84  inch 
.660  inch 
1.0  inch 
1.65  oz. 

Positive  formed  by  threaded 
insert  SCS-459/7,  Figure  3 


Negative  formed 
rubber  end. 

at  silicone 

ELECTRICAL 

Stand  Weeks 

Stand  Weeks 

Disch^^  ^ 

^ (2) 
Service 

Test 

@ 160F 

@ 130F 

Temp. ,F 

Hours 

I 

0 

— 

70  +2 

8 

L 

0 

— 

-20  +3 

4 

H 

0 

— 

130  +3 

7.5 

HT 

4 

— 

130  +3 

6.5 

LT 

4 

— 

-20  +3 

3.5 

T 

- 

13 

70  +2 

7 

D 

— 

52 

70  +2 

7 

(1)  After  16  hours  stabilization  at  test  terrp. 

(2)  Initial  closed  circuit  voltages  below  4.0  can  not  exceed 
1 second  duration 

Voltage  (max.) 

Cut-off  Voltage 


Load 

Pulse  Capability 


6 volts 
4.0  volts 

47  ohms  continuous 


Under  a load  of  40  ohms , 
voltage  to  be  above 
4.0V  for  period  of 
30  seconds 
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FIGURE  17 

BA-5090/U  BATTERY  AND  SCHEMATIC 


TABLE  11 


ba-5090/u  cell  requirements 


ELECTRICAL 

Load  Voltage 

Discharge  Capacity 


2 volte  minimum  after  5 
seconds  pulse  through  a 
20  ohm  resistance  load 

33  hours  to  2.0  volts 
against  duty  cycle  shown 
below  after  two  weeks 
storage  at  160F  and  dis- 
charge at  -20F 


BA-5090AJ  BATTERY  REQUIREMENTS 


PHYSICAL 

Number  of  Cells 


3 


Dimensions : 

Height 

Length 

width 


1 . 906  inch 
1.031  + .000 
- .062 


inch 


.656  + .000 
- .062 


inch 


Weight  (me  x. ) 
Terminals 


50  grams 

Miniature  snap  on  type 
ANSIXVII 


Battery  Jacket  Cold  rolled  steel 

FLECTRICAL 


Test 

St^nd  Weeks 
^ 160F 

Stand  Weeks 
@ 130F 

Disch. 
Temp. , 

(1) 

F 

Service 

Hours 

I 

0 

— 

70 

+ 2 

55 

' 

— 

-20 

+ 3 

30 

H 

J 

— 

130 

+ 3 

50 

HT 

4 

— 

130 

+ 3 

46 

LT 

4 

— 

-20 

+ 3 

26 

T 

- 

13 

70 

+ 2 

48 

D 

52 

70 

+ 2 

48 

(1)  After  16  hours  stabilization  at  test  ten^erature 

(2)  During  initial  one  minute  discharge  transient  voltage 
below  6 volts  can  not  exceed  a 1 second  duration. 


Cut-off  Voltage 


6 volts 


Duty  Cycle 


636  ohm  resistance 


" . ♦'.e/  ... 
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FIGURE  11 
31 


B.  Anode  Fabrication 


The  negative  electrodes  for  the  Li/SOj  battery  sys- 
tem consists  of  high  purity  lithium  foil  with  a conduc- 
tor tab  welded  to  one  end  as  shown  in  Figure  18 . A 
tabulation  showing  the  lengths,  widths  and  thicknesses 
for  the  various  anodes  required  for  this  program  is 
shown  in  Table  1. 


A machine  is  being  designed  that  will  essentially 
integrate  the  operations  that  are  presently  being  per- 
formed manually  to  fabricate  completed  anodes  automatic- 
ally. These  basic  operations  consists  of:  a)  cutting 
the  lithium  foil  to  the  specified  length  (the  lithium 
is  presently  being  supplied  on  metal  sppols  as  shown  in 
Figure  19);  and  b)  welding  a tab  to  one  end  of  the  lithium 
strip. 


A typical  spool  contains  approximately  181 
grams  of  .019  x 1 5/8wide(D  size)  lithium  which  would 
be  enough  material  for  55  cells. 


1 . Lithium  Cutting 


Since  metallic  lithium  has  the  inherent  characteris- 
tics of  "sticking"  to  most  materials  and  a ductility  that 
may  be  equated  to  lead , the  selection  of  the  proper 
technique  for  cutting  this  material  becomes  critical. 

During  this  quarterly  period,  PCI  has  investigated  two 
techniques  for  cutting  lithium  foil  that  are  amenable 
to  an  automated  process.  The  use  of  a traditional  "guillo- 
tine" type  cutter  (see  Figure  20)  with  automatic  feed 
was  investigated  but  found  to  be  unsuitable.  One  basic 
difficulty  with  this  approach  is  that  the  lithium  is  dis- 
placed downward  after  cutting  (a  requirement  for  this 
type  of  shearing  action)  which  presented  a material  trans- 
port problem  in  subsequent  tabbing  operations.  The 
second  problem  relates  to  cutting  blade  materials.  The 
steel  blades  normally  used  with  this  equipment  have  a ten- 
dency to  build  up  a layer  of  lithium  which  results  in  re- 
lease problems  for  the  cut  lithium  strips.  Attempts  were 
made  to  replace  the  steel  blades  with  plastic  materials 
such  as  polypropylene  but  this  resulted  in  excessive  blade 
wear. 
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WELDING  ELECTRODES 


COPPER  TAB 


LITHIUM  FOIL 


COPPER  TAB 


lithium  foil 


SPOT  WELDS 


NEGATIVE  TAB  RESISTANCE  WELD 


FIGURE  10 
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GUILLOTINE  CUTTER 


FIGURE  20 


4ft 


The  second  technique  investigated  for  lithium  cut- 
ting, which  has  proved  to  be  satisfactory,  consists  of 
passing  the  foil  between  two  rotating  plastic  wheels 
(see  Figure  21).  This  approach  has  been  demonstrated 
and  results  in  a clean  reproducable  cut  with  minimum 
cutting  wheel  wear.  By  utilizing  plastic  wheels  fa- 
bricated from  either  high  density  polyethylene  or 
polypropylene,  the  lithium  sticking  problem  has  been 
minimized  and  does  not  interfere  with  machine  function. 
PCI  has  decided  to  employ  this  type  of  rotary  slitting 
wheel  for  the  anode  production  machine. 


2 . Lithium  Tabbing 


The  anode  tab  acts  as  the  electrode  current  collec- 
tor and  is  subsequently  welded  to  the  inside  of  the  cell 
casing  after  completion  of  the  core  winding  operations. 

Prior  to  this  contract,  PCI  had  investigated  two  techniques  for 
securing  the  .005"  thick  copper  tab  to  the  snd  of  the  lithium  anode. 
The  first  technique  consisted  of  resistance  welding  (us- 
ing molybdenum  electrodes)  the  copper  tab  directly  to 
the  lithium  as  shown  in  Figure  IS.  Although  this  approach 
results  in  a tab  which  is  adequately  secured  tc  the  anode. 

It  was  ultimately  rejected  because  of  unacceptable  cal- 
culated production  rates  and  the  inability  tc  control 
lithium  "splash"  during  the  welding  operation. 


A cold  welding  technique  was  also  investigated  and  de- 
veloped prior  to  this  contract  for  securing  the  tab  tc  the 
lithium  anode  that  is  reproducible  and  amenable  to  high  produc- 
tion.Specifically,  the  tab  is:  a)  prepierced  rn  an  ar-t  c:; 
the  cold  weld;  b)  placed  in  its  appropriate  position 
over  the  anode  and  then  c)  struck  using  a pne-^atrc  im- 
pact electrode  over  the  tab  face  as  indicated  in  Figure 
22.  In  addition  to  the  cold  weld  that  is  forT".ed,  ohe  tab 
is  further  keyed  in  place  by  the  fact  that  the  lithium, 
is  extruded  into  the  tab  perforations.  Both  mechanical 
and  electrical  tests  have  indicated  the  3uitabili‘-y  of 
this  technique  for  production. 


During  the  next  report  period,  PCI  will  complete  the 
design  stages  of  integrating  the  previously  discussed 
anode  tab  cold  welding  technique  and  finalized  lithium 
rotary  slitter  design  into  the  prototype  production 
machine.  This  machine  will  be  designed  tc  achieve  the 
specified  production  rate  of  ? 000  " siz«-  an  jde  com- 

ponents per  n.  rmal  eight-hour  inift. 


c 


The  positive  electrode  for  the  Li/S02  cell  consists 
of  a carbon/l^inder  structure  which  has  been  formed  onto 
an  expanded  aluminum  grid.  A cross  section  of  this 
structure  is  illustrated  in  /igure  23  and  a tabulation 
showing  the  cathode  lengths,  widths  and  thicknesses  for 
the  various  battery  types  required  under  this  contract 
is  shown  in  Table  1. 


Work  during  this  quarterly  period  has  been  directed 
towards  developing  a continuous  technique  for  fabricat- 
ing cathodes  at  rates  consistent  with  program  goals.  Two 
potential  manufacturing  processes  for  fabricating  'jachcdes 
have  been  investigated  concurrently.  The  processes  are 
being  studied  with  the  objective  of; 

a)  Minimizing  developmental  problems; 

, b)  Providing  maximum  process  control  and  pro- 
duct reproducibility; 

c)  Maintaining  product  quality; 

d)  Achieving  the  production  goals  required  under 
this  program. 


One  process  for  continuous  cathode  fabrication 

consists  of  flowing  the  raw  cathode  mix 
through  a controlled  orifice  followed  by  lamination  onto 
an  expanded  grid  substrate.  Control  of  cathode  tbic?-'.ness , 
width,  porosity  and  solvent  content  is  a function  of  the 
dimensional  configuration  of  the  discharge  orifj.ce  ?::d  ihe 
rate  of  material  transfer.  Preliminary  bench  scale 
experiments  have  indicated  that  this  approach  is  v?.able. 
However,  two  problem  areas  were  encountered: 

1.  Due  to  large  amounts  of  solvent  present  in 
the  raw  mix  .solvent  is  expelled  during  material  transfer 
resulting  in  a solvent  gradient  at  the  orifice.  'his 
caused  a gradual  reduction  in  material  flow  rate  as  the 
"wet"  material  at  the  feed  end  was  unable  to  displice  the 
"dry"  meoerial  at  the  orifice.  By  initially  recuc  ■'i  the 


amount  of  trapped  solvent  within  the  raw  mix,  this 
gradient  can  probably  be  minimized. 


2 . Uncontrolled  feeding  of  the  raw  mix  to 
the  orifice  resulted  in  a non-uniform  cathode  sheet. 
The  solution  to  constant  feed  is  still  being  investi- 
gated but  it  appears  that  a "side  packer",  that  is, 
an  auxiliary  device  to  maintain  a constant  feed  rate^ 
may  resolve  this  problem. 


Another  process  currently  being  studied  for  auto- 
mating cathode  fabrication  is  one  based  on  the  continuous 
filtration  of  the  raw  mix.  Specifically,  this  process 
consists  of  depositing  a coating  of  the  carbon/binder 
mixture  onto  an  expanded  grid  substrate  by  rotational 
filtration.  Since  the  expanded  grid  is  available  in 
continuous  lengths  and  the  cathode  slurry  is  easily 
pumped  and  filtered,  a continuous  rather  than  a batch 
type  process  is  possible.  The  cathode  weight  per  unit 
area  is  controlled  by  filtration  rate  and  filter  surface 
speed.  Following  filtration,  the  cathode  is  further 
dried,  compressed  to  force  the  coating  into  the 

openings  of  the  expanded  grid  and  final  dried  to  a pre-determined 
solvent  level.  This  technique  is  presently  being 
evaluated  by  PCI  together  with  a number  of  equipment 
manufacturers . 


A second  filtration  type  technique  which  has  been  in- 
vestigated for  continuous  cathode  manufacture  consists  of 
a horizontal  traveling  belt  type  filter.  This  filter 
receives  the  raw  mix  through  a feed  box  which  maintains 
even  distribution  across  the  entire  width  of  the  moving 
filter  belt. Solvent  is  drawn  through  the  filter  media  by 
a series  of  modular  vacuvun  chambers.  As  the  cake  laden 
filter  belt  approaches  the  discharge  end  of  the  machine, 
the  cake  is  further  compressed  by  a series  of  conpression 
rollers  prior  to  its  removal  from  the  belt. 

During  the  next  quarterly  period,  work  will  be  directed 
towards  selecting  the  ultimate  continuous  cathode  manufac- 
turing technique  that  will  be  utilized  under  this  program 
and  component  designs  and  procurement  will  be  initiated. 


54 


D. 


Core  winding 


During  this  quarterly  reporting  period,  designs 
for  a semi-automatic  core  winding  machine  have  pro- 
gressed through  the  conceptual  design  stages  to  equip- 
ment procurement.  The  core  winder  will  automatically 
wind  the  previously  described  anode,  cathode  and 
separator  laminate  into  a tightly  wound  spiral  configu- 
ration. 


Winding  tension  will  be  closely  monitored  to  main- 
tain a consistent  electrode  configuration  and  minimize 
lateral  slippage  of  the  electrodes.  Mechanical  align- 
ment of  the  electrode  conponents  is  critical  to  avoid 
electrical  short  circuits  and  insulation  resistance 
breakdowns  between  the  electrodes.  In  addition,  the 
connection  tabs  must  be  accurately  positioned  to  per- 
mit subsequent  electrical  connections  at  the  next 
station. 


Figure  24 shows  the  basic  core  winding  machine  and 
its  principle  operating  components.  Two  rolls  of 
separator  material  are  threaded  through  the  guide  and 
pinch  rollers.  This  is  initially  performed  at  the 
beginning  of  each  roll  and  automatically  thereafter. 


The  operator  places  the  anode  and  cathode  in  the  ap- 
propriate guide  and  initiates  the  start  sequence.  The 
feed  rollers  transfer  the  material  onto  a split  mandrel. 
As  the  mandrel  begins  to  rotate,  its  speed  overcomes 
one-way  clutches  built  into  the  feed  rollers  and  the 
material  is  wound  into  a core.  After  a programmed  number 
of  revolutions,  the  separator  is  cut  and  the  mandrel 
stops  revolving.  A spring  loaded  roller  restrains  the 
core  on  the  mandrel. 


The  operator  places  a cell  can  over  the  core  and 
the  split  mandrel  rotates  in  the  reverse  direction  to 
release  the  core,  leaving  the  assembled  winding  inside 
the  can.  As  the  operator  is  preparing  the  next  set  of 
electrodes,  the  machine  automatically  advances  the  separator 


through  the  guide  and  into  the  prepositioned  slot  in 
the  mandrel.  The  complete  cycle  will  consume  less 
than  10  seconds  and  one  operator  will  be  capable  or 
producing  over  2,500  cores  per  day. 


Two  machines  will  be  used  for  full  production  of 
5 000  units  per  day.  Room  is  available  to  permit 
subsequent  incorporation  of  a syntron  can  loader  to 
minimize  the  time  required  for  core  removal  and  in- 
stcjllation. 
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E.  Electrolyte  Preparation  & Dispensing 
1 . Electrolyte  Preparation 

In  order  to  achieve  a manufacturing  rate  of  5,000 
"D"  eize  cells  per  day,  a system  capable  of  supplying 
40  gallons  of  electrolyte  is  required.  The  system  must 
be  highly  reproducible  and  easy  to  operate  and  maintain. 


The  key  to  consistent  electrolyte  preparation  is 
the  transfer  of  exact  amounts  of  dry  ingredients  to  an 
enclosed  mixing  vessel.  All  of  the  chemicals  purchased 
have  a certified  level  of  purity. 

Cartridge  type  molecular  sieves  will  be  used  to  further 
enhance  overall  purity  levels.  The  vent  ports 
of  the  component  storage  vessels  will  be  pressurized  with 
dry  nitrogen  to  assure  that  no  additional  contamination  is 
introduced  into  the  system. 


Two  methods  of  component  metering  were  evaluated 
during  this  period.  A load  cell  type  automatic  weighing 
system  was  investigated  whereby  conponent  quantities 
delivered  are  obtained  by  storage  tank  weight  differences. 
Studies  indicated  that  problems  would  be  encountered  dur- 
ing storage  tank  changes , requiring  system  recalibration. 

It  was  determined  that  owing  to  the  susceptibility  of  this 
system  to  general  mishandling  (with  resultant  weighing 
errors)  it  should  not  be  used  where  a high  degree  of 
accuracy  is  required. 


A system  of  automatic  pumping  using  positive  dis- 
placement flow  meters  will  be  used  to  transfer  the  liquid 
to  the  mixing  vessel.  This  system  will  use  a central 
ratio  flow  control  programmer  to  monitor  and  control  the 
flow  of  organic  solvents  with  respect 

to  the  referenced  SO2  flow.  This  technique  requires  that 
only  one  flow  be  changed  in  order  to  adjust  the  total 
quantity  of  liquid  pumped  to  the  mixing  vessel.  The 
exact  ratio  of  liquids  is  maintained  independent  of  the 
total  quantity  of  electrolyte  being  mixed. 


The  lithium  salt  will  be  pre-measured  into  cartridges 
and  sealed  to  exclude  contamination.  It  will  then  be  fed  di- 
rectly into  the  reaction  vessel  through  a fitting  located 
in  the  cover. 
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One  problem  encountered  in  the  electrolyte  pre- 
paration is  the  heat  of  solution  generated  by  the  SO2/ 
solvent/Li  salt  mixing.  If  the  heat  is  not  removed, 
high  tank  pressures  are  encountered  and  tank  venting 
becomes  necessary.  To  overcome  this,  a heat  exchanger 
will  be  used  to  cool  the  solvents  before  SO2  addition 
and  remove  the  heat  generated  as  mixing  occurs.  This 
technique  will  assure  consistent  electrolyte  component 
ratios.  The  tank  would  be  a 50  gallon  vessel  capable 
of  withstanding  up  to  150  psi  internal  pressure.  It 
incorporates  a glaaa  covered  variable  speed  empeller 
to  insure  complete  mixing  of  the  components. 


A schematic  diagram  indicating  the  proposed  electrolyte 
transfer  and  mixing  system  is  shown  in  Figure  25. 


2 . Electrolyte  Dispensing 

The  proposed  electrolyte  next  must  be  transferred 
to  a dispensing  station  which  design  studies  indicated 
will  consist  of  a fill  head,  a control  valve,  and  a vacuum 
pump.  The  basic  system  is  shown  in  Figure  26. 


The  cell  is  automatically  inserted  into  a special 
fitting  in  the  fill  valve. 


Previously,  during  assembly,  the  cell  was  sealed  in 
an  atmosphere  of  dry  gas.  In  valve  position  1, 
the  cell  is  partially  evacuated  to  a predetermined 
residual  dry  gas  pressure  that  corresponds  to  the  desired 
proportion  of  dry  gas  in  the  finished  cell.  This  residual 
air  allows  for  thermal  expansion  of  the  electrolyte.  The 
valve  is  next  changed  to  position  2 which  disconnects  it 
from  the  vacuum  pump  and  connects  it  to  the  electrolyte 
tank.  Because  the  tank  pressure  is  higher  than  the  resi- 
dual gas  pressure,  the  electrolyte  flows  into  the  cell 
until  pressure  equilibrium  is  reached.  At  this  stage,  the 
valve  is  placed  in  a neutral  closed  position. 


The  final  operation  is  automatic  sealing  of  the  fill 
tube.  This  is  done  with  a special  sealing  unit  incorporated 
into  the  fill  head. 
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AGITATOR  DRIVE 


ELECTROLYTE  TRAMSFER  & MIXING  SYSTEM 


Originally  a rotary  table  containing  8 work  sta- 
tions was  planned.  An  operator  would  load  the  cells 
which  would  then  be  automatically  fed  to  the  fill  head. 
Based  on  present  filling  techniques,  two  fill  stations 
with  a 10  second  cycle  would  be  needed  to  fill  5000 
units/day.  With  the  new  hermetic  cell  design  this  is 
no  longer  practical.  Because  of  the  small  inside  dia- 
meter of  the  tantalum  tube  (.050"),  longer  cycle  times 
are  needed  to  insure  complete  filling,  especially  with 
the  larger  size  cells.  A cycle  of  20  seconds  appears 
more  than  ample  to  fill  all  cells  fabricated  under  this 
prograun.  The  4 station  in-line  system  shown  in  Figure  27 
will  be  used.  One  operator  will  be  capable  of  filling 
over  the  5000  units/day.  The  system  can  also  bo  easily 
extended  to  6 or  8 stations  by  the  siitple  addition  of 
extra  fill  heads. 


PLANNED  ADDITIONAL 


ELECTROLYTE  FILL  SYSTW 
FIGURE  27 


F. 


Hermetic  Seal  and  Cell  Closure 


During  this  first  quarterly  period,  a major  effort 
has  been  directed  toward  establishing  a hermetic  cell 
top  design  and  developing  the  closure  techniques  needed 
to  meet  the  required  hardware  production  levels.  Basic 
design  considerations  were  hermeticity  requirements, 
overall  reliability,  economics  and  adaptability  to  auto- 
mated production.  The  specific  areas  presently  being 
investigated  are  as  follows: 


. Glass/Metal  Seal  Assembly 
. Eyelet/Top  Resistance  Weld 
. Cell  Peripheral  Weld 
. Fill  Tube  Closure 
. External  Electrical  Connection 


1 . Glass  Seal  Assembly 

Previous  to  the  start  of  this  prograun,  extensive 
research  was  conducted  to  develop  an  optimal  glass 
seal  configuration  and  an  appropriate  electrolyte  fill 
technique.  As  a result,  the  glass-to-metal  hermetic 
seal  assembly  as  shown  in  Figure  2 was  selected.  This 
assembly  consists  of  a tantalum  fill  tube,  a nickel 
plated  steel  eyelet  and  a glass  insulator  preform. 

The  assembly  is  subsequently  fused  to  effect  an  herme- 
tic compression  seal  which  will  meet  all  electrical, 
thermal  and  environmental  requirements.  Prototype 
seals  were  fabricated  and  tested  to  quantitatively 
measure  the  leakage  rate  using  a helium  mass  spectro- 
meter. The  results  indicate  a maximum  leak  rate  of 
2 X 10“®  cc/sec  helium  which  is  well  within  the  speci- 
fied limits  of  the  contract. 


We  are  presently  investigating  the  use  of  a common 
eyelet  design  which  can  be  utilized  for  all  required 
cell  sizes.  This  would  minimize  tooling  and  fixturing 
costs  and  simplify  cell  top  construction. 
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An  alternative  approach  to  the  above  as  ehov«nn  in 
Figure  20  , is  also  being  considered.  This  design  would 
incorporate  the  seal  eyelet  and  cell  top  into  one 
piece  part  which  would  eliminate  the  eyelet/top  weld 
operation  and  a potential  source  of  electrolyte  leakage. 
Tooling  required  to  fabricate  this  part  is  presently 
under  evaluation. 


One  problem  associated  with  the  resistance  welding 
of  the  internal  cathode  tab  to  the  fill  tube  has  been 
uncovered.  This  problem  is  primarily  due  to  the  forma- 
tion of  a tenacious  oxide  during  the  glass  fusion  pro- 
cess. Attempts  were  made  to  chemically  remove  this 
oxide  but  the  deoxidizing  solutions  tried  were  subse- 
quently found  to  attack  the  glass  seal.  PCI  plans  to 
use  a mechanical  abrasion  technique  to  remove  the  oxide 
until  the  glass  seal  vendors  correct  this  condition. 

Use  of  a weldable  inter-connection  tab  material  is  also 
being  evaluated  as  an  interim  solution. 


2 . Eyelet/Top  Resistance  Weld 

The  nickel  plated  steel  eyelet  contains  a peri- 
pheral weld  projection.  This  pro- 

jection concentrates  the  electrical  power  and  mechanical 
force  to  a localized  area  during  the  resistance  weld  to 
effect  a hermetic  seal.  Prototype  samples  were  fabricated 
using  a 100  KVA  resistance  welder  equipped  with  a low 
inertia  head  which  provides  quick  response  at  constant 
pressure  as  the  projection  collapses  and  the  parts  are 
fused.  The  units  were  subsequently  inspected  and  test- 
ed to  quantitatively  measure  the  leakage  rate  using  a 
helium  mass  spectrometer.  Maximum  leak  rate  observed 
was  2 x 10“®  cc/sec  helium  which  is  well  within  the 
specified  limits  of  the  contract. 


3 . Cell  Peripheral  Weld 

Hermetic  closure  of  the  cell  periphery  is  presently 
being  accomplished  using  a plasma  arc  welding  process 
as  shown  in  Figure  2 . Heat  is  essentially  produced  by 

a restricted  arc  between  a non-consumable  electrode  and 
the  workpiece.  When  the  arc  is  initiated  through  a gaseous 
column,  some  of  the  gas  becomes  ionized  which  results  in  a 
higher  arc  temperature  and  a concentrated  heat  pattern. 


HERMETIC  TOP  ASSEMBLY 
FIGURE  28 
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The  welding  unit  consists  of  a 200  £unp  D.C.  power 
supply,  a control  unit,  a rotating  work  station  and  a 
torch  assembly. 


The  equipment  is  semi-automatic:  the  operator 
loads  the  cell  and  initiates  the  following  programmed 
cycle: 

1.  Start  rotation  of  turntable 

2.  Position  torch 

3.  Initiate  arc  and  gas  flow 

4.  Time  weld  to  allow  1/8"  overlap 

5.  Terminate  arc  and  gas  flow 

6.  Retract  torch 

7.  Stop  rotation  of  turntable 


This  equipment  is  presently  in  operation  and  is 
being  used  to  hermetically  seal  all  prototype  cells. 
However,  the  maximum  production  quantity  is  1,250  "D" 
diameter  (1.312  inch)  cells  per  8-hour  day  per  machine. 
Four  welders  and  four  operators  would  therefore  be  re- 
quired to  produce  5,000  units/day. 


Laser  welding  and  resistance  welding  systems  are 
presently  being  evaluated  to  hermetically  seal  the  cell 
periphery  at  a rate  consistent  with  the  required  hard- 
ware production  level. 


The  laser  welding  process  essentially  consists  of 
focusing  a high  energy  laser  beam  along  the  cell  can/ 
top  interface  to  produce  a structural  weld  with  minimum 
heat  transfer.  This  is  particularly  important  due  to 
the  low  melting  point  of  the  polypropylene  separator 
and  insulators.  Localized  melting  of  such  components 
may  cause  electrical  short  circuits  and  insulation  re- 
sistance breakdowns  within  the  cell. 
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Teats  to  date  have  been  performed  using  a 200 
watt  continuous  wave  neobium  YAG  welder  (Nd  YAG) . 


A proposed  system  is  shown  in  Figure  29,  The  sys- 
tem provides  for  two  work  stations  which  permit  weld- 
ing at  one  station  while  the  other  is  being  loaded. 
This  is  accomplished  by  utilizing  two  separate  objec- 
tive lens  systems  within  the  laser  head  and  a means  of 
optically  switching  from  one  to  the  other.  The  com- 
plete systcun  would  be  interlocked  to  prevent  any  po- 
tential danger  to  the  operator. 


Some  difficulties  have  been  encountered  in  obtain- 
ing acceptable  welds  using  this  laser  system.  Because 
of  the  extreniely  small  diameter  of  the  laser  beam 
(C.OlO  inch),  all  dimensional  tolerances  become  criti- 
cal; especially  at  the  cell  can/top  interface.  Gaps 
and  edge  mismatch  as  large  as  .003"  may  result  in  weak 
areas  within  the  peripheral  weld  which  could  fail  under 
the  internal  cell  pressures  encountered  during  service. 
Total  runout  of  the  fixturing  is  also  critical  and  must 
be  kept  within  .002  inch.  This  is  difficult  to  obtain 
with  a rotating  quick-release  collet.  Present  proto- 
type fixturing  has  a total  indicated  runout  of  .010  inch 
and  is  in  the  process  of  being  reworked. 


One  method  used  to  minimize  these  tolerance  require- 
ments is  to  defocus  the  laser  beam  into  a broader  pat- 
tern. Spot  sizes  up  to  .020  inch  have  been  obtained 
but  with  a corresponding  decrease  in  energy  input/unit 
area.  The  weld  time  must  therefore  be  increased  to 
compensate  for  the  energy  loss. 


With  the  200  watt  system,  weld  times  are  11  seconds 
for  a 1.312  inch  diameter  cell  using  a .010  inch  size 
spot.  With  a .020  inch  spot  size,  14  seconds  is  required. 
Weld  cycles  as  short  as  5 seconds  have  also  been  achieved 
but  weld  strength  was  insufficient  to  sustain  the  cell 
working  pressures.  Therefore,  a 5 second  cycle,  which  is 
recjuired  to  meet  production  rates  of  5000  units/day,  seems 
impractical  using  a 200  watt  system.  Additional  efforts 
will  be  performed  using  larger  laser  welding  systems. 
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Resistance  welding  of  the  cell  periphery  can  be 
accomplished  by  utilizing  the  blunt  can  edge  (projec- 
tion) which  is  formed  during  the  clip-off  operation. 


Preliminary  welds  on  large  diameter  cells  have 
been  unsuccessful  due  to  the  limited  power  of  in-house 
welders  (100  KVA).  Arrangements  are  being  made  with 
several  manufacturers  to  projection  weld  prototype 
cells  on  larger  200  KVA  machines.  A feasibility  study 
is  also  being  made  to  determine  if  smaller  diameter 
cells  can  be  projection  welded  using  available  in- 
house  equipment.  The  advantages  of  this  system  are 
short  cycle  time  (up  to  10,000  units/day)  and  low 
operational  cost. 


4.  Fill  Tube  Closure 

The  final  step  in  the  fabrication  of  a hermetic 
cell  is  closure  of  the  electrolyte  fill  tube.  This 
operation  is  presently  being  performed  in  a two  stage 
sequence.  The  first  stage  is  a preliminary  tube  clip- 
off  which  is  accomplished  at  the  electrolyte  dispensing 
station.  This  provides  a temporary  seal  and  allows 
for  inter-station  transfer.  Final  hermetic  closure  of 
the  tube  is  performed  at  a separate  station  where  all 
critical  welding  parameters  can  be  controlled  and 
monitored. 


A problem  was  encountered  with  final  fill  tube 
closure  due  to  non-uniform  hardness  of  the  tantalum 
tube  material  after  glass  seal  fabrication.  Corrective 
action  is  presently  underway  to  correct  this  discrepancy. 


5 . External  Electrical  Connection 

Electrical  connection  of  the  external  positive 
terminal  will  be  accomplished  as  shown  in  Figure  2 . 

A steel  eyelet  is  initially  resistance  welded  to  the  tan- 
talum tube  to  provide  a contact  surface  for  subsequent 
welding.  An  insulative  washer  is  used  to  prevent  the 
eyelet  from  contacting  the  glass- to-metal  seal.  A washer 
is  installed  below  the  eyelet  for  mechanical  support  dur- 
ing subsequent  welding.  A flanged  cap  is  then  resis- 
tance welded  to  the  eyelet  to  provide  a positive  "button" 
contact . 
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6 . Seal  Evaluation  Proqraun 


A complete  test  program  has  been  established  to 
evaluate  the  aforementioned  glass-to-metal  seals  and 
hermetic  welding  techniques.  Two  hundred  (200)  pro- 
totype cells  were  fabricated  and  stored  under  various 
thermal  profiles  to  determine  the  long  term  electrolyte 
leakage  rates  and  to  ascertain  the  effects  of  electro- 
chemical corrosion  on  the  internal  seal  components. 


During  this  quarterly  period,  it  became  necessary 
to  terminate  the  above  tests  due  to  defective  glass 
seal  eyelet  projection  welds.  These  defective  welds 
were  caused  by  a residual  oxide  layer  which  was  formed 
during  the  glass  seal  fabrication.  This  problem  has 
now  been  corrected  by  the  glass  seal  vendors. 


Two  hundred  (200)  additional  prototype  cells  are 
presently  being  constructed  and  the  subject  test  pro- 
gram will  be  re-initiated. 


VI.  CONCLUSIONS 


During  the  present  quarter,  work  has  proceeded  in 
accordance  with  the  planned  engineering  objectives  as 
defined  in  the  PERT/TIME  NETWORK.  These  objectives 
include  selection  of  specific  mass  production  fabri- 
cation techniques  and  equipment  and  implementation  of 
such  techniques  in  the  construction  of  the  required 
cells  and  batteries. 


The  initial  cell  and  battery  designs  have  been 
completed.  Preliminary  results  indicate  that  all  per- 
formance (environmental  and  safety  requirements  will  be 
met  and/or  exceeded. 


Various  systems  for  the  preparation  and  dispensing 
of  electrolyte  have  been  reviewed.  Basic  considerations 
include  optimization  of  proper  mix  ratios,  minimization 
of  moisture  contamination  and  metering  of  precise  elec- 
trolyte quantity. 


A basic  core  winding  system  has  been  finalized  to 
automate  electrode  winding  at  a rate  of  2500  units/day. 
The  electrodes  will  be  automatically  aligned  and  wound 
into  a core  structure  for  subsequent  installation  within 
a prepared  cell  can  assembly.  The  basic  machine  concept 
has  been  finalized  and  component  selection  and  equipment 
fabrication  is  presently  underway. 


Two  approaches  for  continuous  cathode  fabrication 
have  been  considered  for  achieving  the  production  goals 
of  this  program.  The  first  process  includes  the  transfer 
of  raw  cathode  mix  through  an  orifice  followed  by  lamina- 
tion onto  an  expanded  aluminum  grid.  Solvent  gradients 
and  non-uniform  feeding  problems  have  been  experienced 
with  this  approach.  The  second  process  consists  of  a 
process  utilizing  both  a rototional  and  horizontal  fil- 
tration process  which  filters  the  mix  and  deposits  the 
cathode  on  the  expanded  aluminum  grid  in  a 
continuous  operation. 
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Anode  fabrication  will  be  accompl iahed  using  a 
system  which  will  cut  continuous  rolls  of  lithium  to 
a pre-selected  lengtii  and  launination  of  a perfoiated 
tab  to  one  end  of  the  lithium  strip.  The  selected 
process  utilizes  two  rotating  slitting  wheels  which 
are  indexed  along  a continuous  lithium  strip  and  a 
pneumatic  impact  electrode  for  welding  of  the  per- 
forated tab. 


Various  welding  techniques  are  presently  being  eval- 
uated to  accomplish  hermetic  closure  of  the  cell  com- 
ponents. Projection  welding  of  the  glass/metal  seal 
to  the  cover  assembly  is  considered  the  optimal  welding 
technique  and  will  be  used  for  all  required  cell  types. 
The  peripheral  weld  can  be  accomplished  using  laser, 
plasma-arc  or  projection  weld  techniques.  Evaluation 
of  each  technique  is  presently  underway  and  final  selec- 
tion will  be  based  upon  their  ability  to  meet  the 
hermeticity  specifications  and  the  required  production 
rates.  Fill  tube  closure  techniques  have  been  finalized 
and  successfully  demonstrated  on  prototype  cells. 
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VII . PROGRAM  FOR  2ND  QUARTER 


The  proposed  prograuti  for  the  next  reporting 
period  will  include  the  following: 

. Procurement  of  cell  and  battery  prototype 
hardware  and  piece  parts 

, Fabrication  of  initial  cell  and  battery 
components  and  sub-assemblys 

. Finalization  of  cell  and  battery  design 
configuration  in  accordance  with  the  re- 
quirements of  SCS-459,  Batteries,  Primary 
Lithium  Organic  dated  17  May  1974. 

. Finalization  of  equipment  design  and  pro- 
curement of  required  standard  components. 
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VII  L. 


IDENTIFICATION  OF  PERSONNEL 


Dr.  Stewart  M.  Chodosh  - (Contract  Aciminiatrator/ 

Program  Manager)  (180  hra) 

Dr.  Chodoah  has  over  fifteen  years  of  experience  in 
the  area  of  energy  conversion  including  research  and  de- 
velopment, project  direction  and  managerial  administra- 
tion. The  past  five  years  have  been  devoted  exclusively 
to  all  aspects  of  lithium  battery  technology.  Responsi- 
bilities have  included  project  direction  of  programs  for 
the  military  and  its  prime  contractors,  applications 
engineering  and  manufacturing  process  improvements.  He 
is  presently  responsible  for  general  contract  adminis- 
tration and  overall  program  management  which  includes 
work-load  scheduling  and  definition,  establishment  of 
priorities  and  coordination  of  all  progreun  efforts. 


Bruce  Jaqid  - (Senior  Engineer) 


(335  hrs) 


Mr.  Jagid  has  over  twelve  years  experience  in  the 
field  of  energy  conversion  systems  including  the  direc- 
tion of  development  engineering  programs  and  marketing 
administration.  His  responsibilities  have  included  the 
conceptual  design  and  development  of  energy  sources  for 
both  military  and  commercial  markets  and  the  evaluation 
and  assessment  of  system  applications  and  performance 
characteristics.  He  is  presently  responsible  for  the 
scheduling  and  defining  of  all  manufacturing  activities 
and  overall  surveillance  of  program  milestones. 


Martin  G.  Rosansky  - (Senior  Engineer) 


(336  hrs) 


Mr.  Rosansky  has  been  engaged  in  the  research  and 
development  of  various  electro-chemical  power  systems. 

His  responsibilities  have  included  program  management 
and  administration,  establishment  of  quality  assurance 
criteria,  organization  of  electrode  production  facilities 
and  applications  engineering.  He  is  presently  responsible 
for  the  coordination,  scheduling  and  surveillance  of  all 
engineering  efforts  and  activities. 
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Richard  M.  Tedeachi  - (Engineer)  (141  hru) 


Mr.  Tedeschi  has  over  eight  years  experience  in 
the  areas  of  engineering  and  manufacturing  where  his 
prime  responsibilities  included  the  research,  de- 
velopment and  manufacturing  engineering  of  photo- 
graphic equipment.  During  the  past  year,  he  has  been 
involved  with  the  fabrication  and  evaluation  of  pro- 
posed cell  and  battery  designs  which  include  material/ 
equipment  performance  evaluation,  manufacture, 
scheduling  and  surveillance  of  critical  manufacturing 
processes . 

James  L.  Maguire  - (Supervisor)  (209  hrs) 

Mr.  Maguire  has  over  twenty  years  experience  in 
fields  relating  to  the  design,  fabrication  and  evalua- 
tion of  both  semi-automatic  and  automatic  electro- 
mechanical equipment.  His  present  responsibility  in- 
cludes the  supervision  and  surveillance  of  all  phases 
of  cell  and  battery  manufacture  and  assembly. 

Mr.  James  Harris  - (Technician)  (238  hrs) 


Mr.  Harris  has  worked  in  the  lithium  battery  field 
for  the  past  five  years  and  is  cognizant  of  test  re- 
quirements, specialized  test  equipment  and  test  data 
reporting  as  required  for  various  military  sponsored 
programs.  He  is  presently  responsible  for  the  super- 
vision and  surveillance  of  cell  electrolyte  prepara- 
tion and  dispensing  operations. 

Mr.  Julius  Girin  - (Technician)  (154  hrs) 


Mr.  Cirin  has  extensive  educational  background  in 
the  field  of  conuTiunications  electronics.  He  presently 
assists  in  the  surveillance  of  critical  cell  and  bat- 
tery assembly  operations  and  in  the  set-up  of  in-process 
tooling  and  equipment. 


I 


4- 


. ' 1 ll.  ,i . \ 


Mr.  I'takash  Jog  - (Engineer)  (141  hrs) 


Mr.  Jog  has  twelve  years  experience  in  the  areas 
of  manufacturing  and  industrial  engineering  including 
time  study  analysis,  tooling  and  equipment  design  and 
implementation  of  in-process  product  improvements. 

He  is  presently  responsible  for  tooling  design  and 
evaluation  and  for  the  preparation  of  all  required 
cellA>attery  engineering  drawings,  specifications  and 
operational  procedures. 


Mr.  N.  Bartilucci  - (Technician)  (182  hrs) 


Mr.  Bartilucci  is  presently  responsible  for  the 
supervision  and  surveillance  of  all  lithium  dry-room 
assembly  operations.  His  responsibilities  also  include 
the  set-up  and  calibration  of  all  required  cell  assembly 
equipment  and  monitoring  of  in-process  cell  assembly 
processes . 


Mr.  Anandaram  Joshi  - (Test  Engineer)  (142  hrs) 


Mr.  Joshi  is  presently  responsible  for  the  per- 
formance of  all  required  cell  and  battery  electrical, 
environmental  and  safety  tests.  Such  duties  include 
data  reporting  and  analysis , design  and  fabrication  of 
test  circuits  and  test  equipment  calibration  and 
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ELECTROtaCS  COMMAND 
TECHNICAL  KEQUliiEMENT^ 


scs-liSy 
17  May  \9?U 


MTtEKIE3,  PRIMAfir,  LITHIUM  ORGANIC 


1.  SCOPE 


1.1  Scopa . - Thla  apaclflcatlon  covers  primary  batteries  of  the  non 
resex*ve  type  coaposed  of  electrocbeadcal  cells  atilising  a lithium  anode 
vith  an  organic  type  electrolyte. 

I 

1.2  Classification.  - 

1.2.1  yvpe  designation.  - The  type  desigxtation  of  lithium  organic 
primary  batte^es  shall  be  in  the  following  form,  (3EB  3.I  and  6.1) » 


BA- 


Cosqponeni 

(1.2.1. 1) 


|0^ 

Battery  llype 
mnbSr 
(1.2.1.2) 


JL. 

li^tallaiiod 

indicator 

(1.2.1.3) 


1.2. 1.1  Component.  - Primary  batteries  are  identified  by  the  two- 
letter  symbol  "BA"  followed  by  a hyphen. 

1.2. 1.2  Battery  type  number.  - The  battery  type  number  identifies 
the  basic  design  of  the  Wiery  (See  3.1)  and  consists  of  a four  digit 
number  in  the  foOl  through  5999  series. 

2.  APPLICABLE  DOCUMENTS 

2.1  The  following  documents  of  the  issue  in  effect  on  date  of 
invitation  for  bide  or  request  for  proposal  form  a part  of  this  speci- 
fication to  the  extent  specified  herein, 

SPECIFICATIONS 


FEDERAL 

L-P-378 

L-P-390 

QQ-C-576 


QQ-N-290 


Plastic  Film,  Polyethylene  Thin  Gage 

Plastic,  Molding  Mateidal,  Polyethylene,  Low  and  Medium 
Density 

Copper  Flat  Products  with  Slit,  Slit  and  Edge-rolled, 
Sheared,  Sawed,  or  Machine  Edges,  (Plate,  Bar,  Sheet, 
and  Strip) 

Nickel  Plating  (Eloctrodeposited) 


FEDERAL  (Coat'd) 


SCS^F 

P«C«  2 


M>3>571  Soldori  Load  Alloj,  Tin  Land  AUo7«  «nd  Tin  AUoyj 
- Flnx  Gorad  Ribbon  and  Wira,  and  Solid  Form, 

00^781  Strapping*  SUal,  Flat  and  Saala. 

QQ>T-191  Tama  Sbaata  (Long  Tamea) 

PPP-B<58$  Box*  Wood*  Wirabound 

PPP-B-601  Box*  Wood,  Claatad-plywood 

PPP.B-621  Box*  Wood*  Nailad  and  Look-Comar 

PPP-B-636  Box*  Flbarboard 

FPp.F-320  fibarboaxd*  Cormgatad  and  Solid*  Shaat  Stock  (Container 
grade)  and  Cut  Sbapaa 

PPP-T-60  Tape*  Praaeura^aneiUTa  Idbaaiaa*  Wataxproof  for  Packaging 
axid  Scaling 

PPP-T-76  Tape*  Praoaura-SanaltiTa  Adbaaiaa  Paper*  Water  Realatant 
(For  Carton  Sealing) 

PPP^T-97  Tape*  Praaaura-SanaitlTa  AdhsaiTo*  Filaaant  Reinforced 


MILIIARY 

MIL-M-lii 

KIL-W-76 

MIL-W-6658 


KIL-F-lli256 

MIL-B-U301U 


Molding  Plaatlca  and  Molded  Plaatlc  Parta*  Themo-aettlng 
Wire  and  Cable*  Hook>-op*  Electrical  Inanlated 
Welding*  Raaiatance*  Aluninun*  Magneaiiaa*  Kon>bardenlng 
Steele  or  Alloya*  Heat-re elating  Alloya*  and  Titanium 
IU078*  Spot  and  Seam 
Flux,  Soldering*  Uquid  (Rosin  Baae) 

Boxes*  Water  Resistant  Paperboard*  Folding*  Set-up  and 
Metal-stajad 


STANDARDS 

FEDERAL 


FED.STD.no.  Colors 
595 


MILITARY 

MIL-STD-105 

MIL-STD-129 

MIL-STD-m3 

KIL-STD-m? 


Sampling  Procedures  and  Tables  for  Inspection  by 
Attributes 

Marking  for  Shipment  and  Storage 
Specifications  and  Standards,  Order  of  Precedence 
for  the  Selection  of 

Palletised  and  Containerized  Onlt  Loads  UO  Inch 
X U8  Inch  Pallets,  Skids,  Runners,  or  Pallet 
Type  Base 


SC3.U59 
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(Copies  of  spsclflcationSf  standards,  specification  sheets  and  publications 
required  bj  stqppUers  In  connection  with  speoiflo  procnres»nt  functions 
should  be  obtained  froa  tbs  proourlog  actiritj  or  as  dirsctsd  bj  tbs 
contracting  officer.) 


3.  R£QUIREMENT3 


3,1  Military  specif Ication  shee^  for  indlyld^l  batterr  types,  - 
Detail  requirements  or  exceptions  applicable  ip  indiviciual  tj^es  are 
specified  on  the  military  speolflcatlon  sheets  associated  vlth  this 
specification.  In  the  e(Tsnt  of  any  conflict  between  requirements  of 
this  specification  and  the  indisldual  military  speoification  sheet  the 
latter  shall  govern. 


3,2  Claaslf Ication  of  requirements.  - The  requirements  for  the 


Requirement 

Paragraph 

Selection  of  specifications 

and  standards 

3.3 

First  Article 

3.U 

KaterlalB  and  cooqponents 

3.5 

Design  and  construction 

3.6 

insulation  resistance 

3.7 

Dieleotrlo  strength 

3.8 

Capacity 

3.9 

Initial  voltage  delay 

3.10 

’ Vibration 

3.n 

Mechanical  shock 

3.12 

Altitude 

3.13- 

Labeling  and  marking 

3.U 

Workmanship 

3.15 

3,3  Selection  of  apeclficatlon  and  standards.  - Specifications  and 
standards  for  necessary  cotonoditlea  and  services  not  specified  herein 
shall  be  selected  In  accordance  with  MIL-STD-lh3. 


3.U  First  Article.-  Batteries  furnished  under  this  specification 
shall  be  a product  which  has  been  tested,  and  passed  the  first  article 
inspection  specified  herein. 

3,5  Materials  and  components.  - When  a definite  material  or 
component  la  specified,  It  shall  be  in  accordance  with  the  applicable 
specification  or  requirement  listed  in  Table  I.  When  deemed  necessary 
by  the  Ooverment,  certification  from  the  source  of  the  material  or 
component  will  be  required.  In  the  absence  of  certification  from  the 
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source,  a certificate  of  analysis  or  certified  Inspection  data  will  be 
required.  (See  para  4.4  and  4.4.1)  All  basic  materials  or  components, 
used  In  the  manufacture  of  cells  and  batteries,  which  are  not  specified 
herein,  shall  be  certified  for  conformance  to  the  manufacturer's  design 
specification  either  by  the  manufacturer  or  his  supplier. 

3.5.1  Metals.  - All  metals  which  do  not  enter  Into  the  basic 
electrochemical  reaction  of  the  cell  shall  resist  or  bo  treated  to 
resist  corrosion. 

3. 5.1. 1 Dlsslml lar  metals.  - When  dissimilar  metals  which  would 
adversely  affect  battery  performance  are  used  In  Intimate  contact  with 
each  other,  protection  against  electrolysis  and  corrosion  shall  be 
provided. 

3.5  Design  and  construction.  - Batteries  shall  be  of  the  design, 
construction,  physical  dimensions,  weight,  and  polarity  specified  In  3-1 • 

3.6.1  Battery  voltages.  - 

3. $.1.1  Open-circuit  voltage.  - The  open-circuit  voltage  shall  not 
exceed  the  maximum  voltage  specified.  (See  3*1  and  4«7*5*l) 

3. $.1,2  Closed-circuit  voltage.  - The  closed-circuit  voltage  shall 
be  not  less  than  the  minimum  voltage  specified.  (See  3*1  ®nd  4.7.5*2) 


TABLS  I • Katorlida  CoapoMiit* 
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Applic«bl«  0p«oi]ac«tion« 


QQ-S-571  • 

Soldering  flux 

Metals  

3.5.x 

' 1 

0l)-M-290 

*r 

Wire  

MII/-W-76 

Plastic,  Molded  

MIl-M-lli,  type  M^l 

1 

1 

Plastic  polyetl^lene  ... 

I.-P-390,  type  1 

Tape  

PPP-T-60 

Insulating,  Ispregnatlng 
potting  and  sealing 

3.6.2 

compounds ...•••• 

Filler  or  padding  ...... 

3.6.3 

Cell-block-contalper 

3.6.4  and  3.8 

material  .............. 

Intsrcell  separation  ... 

3.6.5 

Jackets,  astalllo  2/  ... 

3.6.10.1 

Jackets,  non-metalllo*** 

3.6.10.2 

Terminal  mounting  plate. 

3.8 

Mithod*  of 
toot  (8eo  U.U.l) 


"y  For  electrical  oonneotiono,  type  SnhO  or  higher  tin  content  shall  be  used 

2/  If  other  fluxea  are  used,  they  shall  not  affect  the  performance  of  the 
battery  or  reduce  Its  shelf  life. 

3/  Test  methods  Ut7>2  is  applicable  only  for  metalUo  Jackets  of  material 
“ other  than  terneplate. 
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, / , 1.nr..n.tllill.  cottiiit  fni  ..aUn»  c^ojg«.  - 

Tti«  n>ioi.uw,  ill  11«>- 

,„lud.  «a.W.  fro.  1"^*“?; 

S.‘j:^r;»  ” «-.r*.n-U.  CM,. 

bo*rd|  or  oqulTalont  ■•torial* 

' 3.6.3  w»r  »r  LisX 

ing  •l.ctrlc.Ur  condltiont.  If  odToro* 

ob«r»ct«rl8ti05  »atari«l,  then  it  ohall  bo  looloted 

•nvlronaental  ln«Sun«  »*torlol  ti»t  ao^nUin# 

froa  the  oloctrlcol  coi^ononti  by  on  xn«ui«w.Ho  •- 

ito  olocirlcol  ohoraoUrlotlce. 


3.6. U Si 
inaoXoting 


Ll.blOOk  COT 

•rial  ourrox 


alnaro.  - CoU-block  contalnor  oball  bo  an 

roft  »r«S  « • 'Mclc  ot  «n.. 


-4.4 1 Moarator  ahall  bo  placod  botvoon 

..U.y.-U»»c^sr^;n t.tSn...  Ib.  .c^ctT  .bcu b. 

an  injulating  aatorlal. 

■pot  «“«1  1.  M^*«C  “ pMlUOWd  ..  to  .TOl6 

"iio^rMtSit^trioois  is'rrbir.c 

r iTon^ir,?  sib  «« t^^  iocb 

beyond  the  lug. 

^ n k ftf  ««filTB  - The  nlnlfflua  age  of  cello,  fro«  blae  of 
thi’tlae  of  Seir  orientation  for  acceptance  ^ 

not  wore  than  U5  daye  prior  to  the  shipping 

■1  TarrmlnelB  Bhall  be  provided  ao  opeclfied  In 

3.6.8  Teminala.  - The  type.  dimeneloDO,  locaUon,  and 

individual  specif ioaUon  "heets.  The  type,  oxm 

counting  are  cited  therein. 


J 
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3.6.9  Safety  feature.  - Each  cell  of  the  battery  ahall  contain 

a feature  so  that  any  potentially  explosive  condition  caused  by  sustained 
external  or  Internal  shorting  or  Incineration  will  cause  the  safety  feature 
to  activate  and  thus  preclude  an  explosion.  In  addition  to  this  safety 
precaution  each  complete  battery  shall  be  fu  sed  with  a 2 ampere  time  delay 
fuse.  If  a battery  type  Is  composed  of  more  than  one  section,  each  ln> 
dividual  section  shall  be  fused  separately  with  a 2 ampere  time  delay  fuse. 

3.6.10  Jackets.  - The  Jackets  may  consist  of  either  metallic  or 
nonmetalllc  material.  The  contents  of  multicell  batteries  shall  fit 
Snugly  enough  In  the  jackets  to  minimize  movement  of  the  cells.  Jackets 
covering  one  or  more  cylindrical  cells  stacked  end  on  and,  and  having 
open  top  and  open  bottom,  shall  be  so  attached  to  the  cells  as  to  prevent 
them  from  slipping  out  when  held  or  shaken  vertically.  The  bottom  opening 
of  the  jacket  shall  be  of  the  size  specified.  (See  3.I) 

3.6.10.1  Metallic  jackets.  - 

3.6.10.1.1  Prior  to  battery  fabrication.  - The  Inside  of  the  jacket, 
when  other  than  terneplate,  shall  be  coated  or  lined  With  an  electrolyte 
corrosion  resistant  material. 

3.6.10.1.2  As  a fabricated  battery.  - The  outside  of  the  battery 
shall  have  a coating  to  protect  the  Jacket  from  corrosion  during  or  at 
the  conclusion  of  any  of  the  tests  specified  herein.  The  contents  of 
the  Jacket  shall  be  completely  Insulated  from  the  metal  unless  otherwise 
specified.  The  jacket  shall  not  become  permanently  distorted  nor  open  at 
any  of  Its  seams  after  being  subjected  to  the  test  specified  In  k.y.}.]. 

The  test  of  ^.7.3*I  shall  be  applicable  to  batteries  weighing  5 pounds 

or  more. 

3.6.10.2  Nonmetalllc  jacket.  - When  wax  coating  a nonmetalllc  jacket, 
microcrystal 1 1 ne  wax  or  equal  shall  be  used.  All  excess  wax  shall  be 
removed  from  the  external  surfaces  of  the  jacket. 

3.6.10.3  Jacket  Integrity.  - Metallic  jackets  shall  show  no  evidence 
of  water  penetration  and  nonmetalllc  jackets  shall  not  fall  apart  and  the 
seams  shall  remain  Intact  when  tested  as  specified  In  4. 7. 3*2.  The  battery, 
following  water  Immersion  for  a period  of  48  hours  shall  provide  at  least 
95%  of  the  specified  capacity  when  discharged  In  accordance  with  4. 7*6. 1.1. 

3.6.10.4  Color  of  jackets.  - The  color  of  exposed  surfaces  of 
jackets  shall  match  one  of  the  following  lusterless  greens  34079.  34086, 
34087,  34096,  34102,  34127,  and  34128  per  Federal  Standard  No.  595. 

3.6.11  Cel  1 cons truct I on . - Construction  shall  be  such  that  It  will 
be  Impossible  for  one  cell  to  be  short-circuited  by  coming  In  contact  with 
another  cell  of  the  same  type  when  placed  end  to  end. 

3.6.12  Mal^ufactur  Inq  processes.  - The  contractor  shall  maintain 
records  on  all  manufacturing  processes  he  employs  for  the  preparation, 
fabrication  and/or  refining  of  cell  and  battery  components.  These  records 
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should  be  available  to  tha  Government  upon  request.  The  records  shall 
be  so  maintained  that  any  battery  can  be  Identified  with  respect  to 
material  used,  batch  number,  component  supplier,  and  any  other  pertihent 
process  data. 

3*6.I2.|  Time  order  production.  - Time  order  production  will  be 
maintained  on  celt  and  battery  fabrication.  Cells,  as  they  are  produced, 
are  to  be  numbered  consecptlyely  and  will  be  used  for  each  successive 
battery  fabrication, 

3.7  Insulation  ryslstance.  - The  Insulation  resistance  between 
any  two  term | pell  pot  ei^trlcal  ly  connected,  end  between  all  ungrounded 
terminals  and  the  jacket  of  the  battery,  shall  be  not  less  than  five 
megohms  when  tested  as  specified  In  4.7 >7 • 

3.8  Dielectric  strength.  - When  applicable  materials  are  tested 
as  specified  In  '4.7.2,  there  shall  be  no  voltage  breakdown  during  the 
entire  test  period. 

3.9  Capac I ty . -'When  the  battery  Is  tested  for  capacity  as  speci- 
fied In  4.7.6  the  time  required  to  terminate  the  discharge  as  specified 
In  4. 7. 6. 5 shall  be  not  less  than  the  minimum  time  specified.  (3*1) 

3.10  Initial  voltage  delay.  - When  the  battery  Is  tested  for 

capacity,  the  time  required  at  the  beginning  of  discharge  for  the 
battery  units  to  reach  end  voltage  after  the  load  Is  applied  shall  not 
be  more  than  the  time  specified.  (3*1)  ' 

3.11  Vibration.  - After  the  batteries  have  been  tested  as  speci- 
fied In  4.7.8  they  shal I meet  the  visual  and  mechanical  and  battery 
voltage  requirements  (see  3*6.1  through  3*6. 1.2).  There  shall  be  no 
voltage  fluctuations  during  the  test. 

3.12  Mechanical  shock.  - After  the  batteries  have  been  tested  as 
specified  in  4.7.9  they  shall  meet  the  visual  and  mechanical  and  battery 
voltage  requirementr  (See  3*6.1  through  3*6. 1.2). 

3.13  A 1 1 1 tude.  - After  the  batteries  have  been  tested  as  specified 
In  4.7.11  they  shall  meet  the  visual  and  mechanical  and  battery  voltage 
requirements.  (See  3*6.1  through  3*6*1. 2) 

3.14  Labeling  and  marking.  - All  labeling  and  marking  shall  be 
clear  and  legible  throughout  all  the  tests  specified  herein.  Labeling 
and  marking  shall  be  black.  Metallic  and  plastic  Jackets  may  have  the 
labeling  and  marking  embossed,  or  die  depressed,  In  which  case  It  may 
be  the  same  color  as  the  background. 


' • 
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3.U.1  Labels.  - Each  battery  shall  bare  a label  positioned  as 
specified  in  there  is  insufficient  space  to  show  all  required 

information  on  one  face  of  the  battery,  it  shall  bo  contained  on  another 
face,  there  shfll  be  no  information  on  the  label  other  than  the  follow* 
ingi 


\ 


•1  ' 

I 

I 


* 

I f 

♦e  . 


EtTTiRT,  PRSURT,  UTHIUM  OROiNIC 
Type  Designation 
(Contract  Uoeber)  _ „ ^ 

(Code)  

Maanfaotnrer'a  name 
(Trade  name  may  also  be  used) 
Manufacturer's  plant 


' QLAMPLEt 


BATTSIT,  PRlMiRI,  LITBITIM  OROANIC 
BA-5270/D 
DUB05-73-C-123U 
0373 

. John  S Doe  Coapasy 

JODOCO 

\ Batteryvill*,  H.J. 

NDTE:  The  code  may  be  placed  on  the  bottom  of  single*oell  batteries* 


3, I ^.1,1  Code.  - The  oode  shown  shall  indicate  the  month  and  year 
of  manufacture  of  the  battery  by  means  of  a four-digit  number  in  which 
the  first  two  digits  shall  indicate  the  number  of  the  month  and  the  last 
two  digits  shall  indicate  the  year.  Months  earlier  than  the  tenth  month 
shall  be  a single  digit  preceded  by  "0”. 

SClMPLESt 

A battery  manufactured  in  March  1973  will  bear  the  code  ■0373". 

A battery  manufactured  in  Noremhar  1973  uiH  bear  the  code  "1173". 

VAien  a battery  ie  cofi^leted  during  the  last  three  working  days  of  a 
month,  or  the  first  throe  working  days  of  the  subsequent  month,  the 
manufacturer  is  permitted  to  use  either  month  os  the  date  to  be  coded. 
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3.]li.2  Special  marking.  - A black  band,  extending  around  i^roac> 

LV  laately  one  third  (1/3)  of  the  battery  length,  ehall  be  provided  on  each 
. % Jacket.  The  ter*  "UTHIUM  BATT6EI*  shall  appear  in  bold  luaterleea 

! / green  lettering  (saae  aa  Jacket  color)  on  the  black  portion  of  the  Jacket 

In  the  locatlooa  Indicated  on  the  i^pplicable  qpecinoatlOB  sheet.  (See  3*^) 

I ( 

3.J4.3  Tanidnal  aarklM.  - On  batteries  having  sockeUtype  terainale, 
all  Barkings  such  as  polarity,  voltage,  and  the  unit  of  battery  (A,  B,  C, 
etc.)  wbaTl  appear  on  the  face  of  the  battery  bearing  the  socket.  On  other 
type  tenainals,  the  temloal  Barkings  Bay  appear  on  the  top  or  the  aide  of 
the  battery,  or  both.  Marklnga  shaU  indloate  oleariy  the  Undnals  to 
^ch  they  refer. 

t.lS  Worknanship.  - Batteries  shell  be  prooeeeed  in  euoh  e Banner 
aa  to  be  unlfom  in  quality  and  shall  be  free  from  defects  that  will 
affect  their  life,  serviceability,  Intercbangeebility,  or  appearance. 

U.  QBALin  ASSURANCE  PROVISIONS 

Reeponslbility  for  Inspection.  - Unleae  otherwise  apecified  in 
the  contract  or  purchase  order,  ^e  a^pplier.  ie  reeponaitale  for  the 
perfomanco  of  all  Inspection  requirements  as  specified  herein.  Except 
as  otherwise  specified  in  the  contract  or  order,  the  supplier  Bsy  use 
his  own  or  any  other  facilities  suiUble  for  the  performance  of  the 
inspection  roqulreBjente  specified  herein,  unless  disapproved  by  the 
OovomMnt.  The  Oovemment  resenroe  the  right  to  perfora  any  of  the 
inspections  set  forth  in  the  specifications  where  such  inspections  are 
deemed  necessary  to  assure  sqpplies  and  esrvloes  confoi*  to  prescribed 
' requlrementa. 

li.l.l  Test  equipment  and  inapectien  facilities.  - Test  equipnent 
Old  inspection  faclllUes  shall  be  of  sufflcieni  accuracy,  quality  and 
quantity  to  permit  performance  of  the  required  inspection.  The  supplier 
shall  establish  calibration  of  inspection  equlpnent  to  the  satisfaction 
of  the  Oovernment.  Inspection  equipment  furnished  by  the  OoTernnent  for 
performlrig  certain  inspection  at  eupplier's  plant,  will  be  calibrated  by 
the  enppUer  and  maintained  by  the  Q^ernment. 

U.1.1.1  Instrument  accuracy.  - 

U.l. 1.1.1  Voltmetere  and  amatere.  - All  voltmeters  and  ameters 
used  in  testing  the  batteries  shall  be  accurate  within  1 percent  of  the 
full»8cale  value.  The  voltmeter  and  ammeter  ranges  shall  be  such  that 
all  readings  are  taken  on  the  \q>per  half  of  the  scale.  The  sensitivity 
of  voltmeters  shall  be  not  less  than  1,000  ohms  per  volt. 


6CS.lt59 
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U.1.1.1.2  Raaietor  tolaranoa,  - Durlog  all  taata  involviog 
discharge  through  a resistance,  s^h  rssistaaos  shall  be  aoourate  tdthla 
the  following  peroentagesi 


Parcwi 

m>  to  and  including  2$,000  ohms  ••• 

From  aboTs  2$,000  obms  to  and 
including  1 megohm 

Above  1 megohm 

In  determining  the  resistance  used  as  a test  load,  the  reslstanee  of  all 
oontlnuousl/  operating  voltmeters  shall  be  considered  as  part  of  the 
specified  load. 

U.1.1.1.3  Timing.  - equipomnt  shall  be  accurate  iflthln  0.5 

percent. 

h,2  glassification  of  Inspection.  - The  examination  and  testing  of 
batteries  shall  be  c^ssined  as  follows t 

(a)  Materials  and  coeg>onents  inspection.  (See  U«U) 

(b)  First  article  indpection.  (See  U.5) 

(o)  Quality  Conformance  inspection. 

(1)  Inspection  of  product  for  delivery.  (See  U.6.1) 

(2)  Inspection  of  preparation  for  delivery.  (See  U*6.2) 

h,3  Tnapectlon  conditions.  - Except  as  otherwise  specified  herein, 
all  exanlnations  and  tests  shall  be  performed  at  a teiq>erature  of  QO^i 
20®F.  (26.7°  ♦ 11.1®C.),  ambient  atrospherio  pressure,  and  relative 

humidity. 

h.U  Materials  and  components  inspection.  - Materials  and  components 
inspection  ahall  consist  of  verification  by  certification  from  tha  aource 
that  the  materials  and  components  used  in  fabricating  the  batteries  are 
in  accordance  with  applicable  requlremente  prior  to  such  fabrication.  In 
the  absence  of  certification  from  the  source  a certificate  of  analyeis  or 
certified  inspection  data  ahall  be  required  aa  proof  of  conformance  to 
applicable  requlremente.  Materials  and  components  Involved  are  listed  in 
table  I. 

h.h.l  Sample a of  wateriala  and  cewponente.  - For  those  items  listed 
in  table  I for  which  the  specification  requirement  does  not  reference 
a subsidiary  specification,  eight  saaplea  of  matexiale  or  componente, 
treated  and  processed  as  they  would  be  In  the  finished  batteries,  shall 
be  inspected. 


0.5 

1.0 

5.0 


j * 
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lt*5  flrBt  article.  First  article  Inspection  shall  be  perforasd 
by  the  supplier  as  specified  In  b.5.1  through  h.5.1.2. 

U.5.1  Sample  batteries . - Ths  supplier  shall  fabricate  per  Table  II 
the  required  quantity  batteries  constituting  a first  article  inspection 
lot. 

ti.5.1.1  Inspection  routine.  - First  sx^cle  inspeotion  ehsU 
consist  of  all  the  exaninatlons  and  teats  per  Table  II.  One  ssaiplo 
battery,  untested,  is  to  remain  at  the  supplier's  plant  and  to  be 
arallable  as  a standard  for  co^paratlTs  purposes. 

Table  XI  First  Article  Xnspectlon 


Oro\:q>|  Batteries  Examination  and  Test 


Visual-mechanical  examination 
Battery  voltage 

Dimensions  fr  weight 
Mechanical  shook 
Vibration 
Altitude 

Insulation  resistance 
Capacity  tests 

"I"  test  e 70®F 
"L"  test  0 -20®F 
"H“  test  0 130®F 

Visual-mechanical  examination 
Battery  voltage 

Storage  & capacity  tests 

"HT"  test  0 130®P  after 
li  weeks  storaee  0 l60°F 
"LT"  test  0 -20®F  after 
U weeks  storage  0 160^F 

Battery  voltage 

Safety  feature 

Jacket  Integrity 


3.6  & 3.15 

3.6.1 

3.6 

3.12 
3.U 

3.13 

3.7 

3.9  tc  3.10 

3.9  A 3.10 
3.9  A 3.10 
3.9  A.  3.10 

3.6  & 3.15 

3.6.1 

3.9.A  3.10 

3.9  A 3.10 

3.9  A 3.10 


3.6.1 

3.6.9, 

3.6.10.3 


Visual  mechanical  examination  3.6  A 3.15 


Paragraph 


.1 

.5,  U.7.5.1 
U.7.5.2  . 

•U  A U.V.U.l 
.9 
,8 
.11 
.7 

.6.1  thru 
.6.6 
,6.1,1 
.6.1.2 
.6.1.3 

.1 

l*.7.$.l 

.7.5.2 


.6.6 

.6.1.5 

.6.1.U 


.5,  U.7.5.1 

.7.5.2 

7.10 

,3.2t 

,.7. 6.1.1 

.1 


Untested-reference  sample 
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L.^.1.2  Failure.  * If  one  or  nore  aaag>l*  batterie*  fall  to  Met 
ai\y  of  the  firet  article  examinations  and  tests,  the  sig>pUer  shall 
lanedlately  make  the  remedial  changes.  The  supplier  at  no  additional 
cost  to  the  government  shall  be  required  to  si^mlt  additional  first 
article  samples  for  reinspection,  i description  of  the  corrective  action 
taken  or  to  be  taken  shall  bs  included  in  the  first  article  inspection 

report. 


b,6  Quality  conformance  inspection# 

U,6.1  Tnmection  of  product  for  delivery.  - The  contractor  ahall 
perform  the  im^eciion  specified  in  4*h  and  476.1.2  through  It. 6. 1.5. 3. 

This  does  not  relieve  the  contractor  of  his  responsibility  for  performing 
wj  additional  Inspection  vhich  ie  necessary  to  control  the  quality  of 
the  product  and  to  aaaixre  cospliance  with  all  specification  requirements. 
The  goverment  will  review  and  evaluate  the  contractor' a Inspection 
procedures  and  examine  the  contractor 'e  Inapectlon  reoorda.  In  addition, 
toe  Oovemaent—at  its  discretion— may  perform  all  or  any  part  of  toe 
epeolfled  inspection,  to  verify  the  controotor's  compliance  with  specified 
requirements.  (See  6.3)  Test  equipment  for  Oovemment  verification 
inspection  be  made  available  by  the  oontraotor. 


U.6.1.1  A lot  ahall  be  defined  as  the  quantity  of  batteries  of  ary 
one  type,  of  any  one  code,  and  produced  at  any  one  place  of  manufacture 
on  any  one  contract,  aubmitted  at  one  time  to  quality  conformance 
inspection. 


U.6.1.1.1  Shipment  lot.  - The  shipment  lot  (Ks)  Is  too  quanUty 
of  batteries  (exclusive  of  toe  number  of  batteries  required  as  saaqples) 
of  any  one  type,  of  any  one  code,  and  produced  at  any  one  place  of 
manufacture  on  any  one  contract. 


li. 6.1. 1.2  Contract  lot.  - The  contract  lot  (N)  is  the  total  of 
all  batteries  (exclusive  of  the  number  of  batteries  required  ae  samples) 
of  any  one  type,  delivered  in  one  or  more  shipment  lots,  under  the  terns 
of  any  one  contract. 

h.6.1.2  OrouD  A inspection.  - Each  unit  on  contract  or  purchase 
order  shall  be  inspected  for  confonnanco  to  the  inspections  specified  in 
Table  III.  Discrete  lots  shall  be  formed  from  units  that  pass  this 
inspection.  Factors  of  lot  coeqpooition  not  defined  herein,  or  in  the  contract 
or  purchase  order,  shall  be  In  accordance  with  HIL-STD-105.  Each  lot  shall 
be  subjected  to  sa^>Ung  inspection,  utilising  the  procedures  of  MIL-STD-105, 
uslr^  the  general  inspection  levels  and  AQL's  indicated  in  Table  HZ. 


irnmimak 
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T«bl«  in  Group  A Zupootioa 


Examination 
and  Teat 

Reqnireaent 

Parafrapb 

Method  of 
Teat  Para. 

AG 

11 

Inap 

Leral 

Major 

Minor 

Viaual-Maohanieal 
Battarj  Voltafe 

3.6  A 3*15 
3.6.1 

It.7.1 
U.7.5 
U.7.5.1 
A U.7.5.2 

1.0^ 

1.09( 

b.O 

m 

II 

XI 

U*6.1,3  Group  B iMPectlon.  • This  InqMctlon,  laoludine  Ba^pliDg, 
shall  oonfom  to  Tabla  IV  aod  to  spooial  proeoduroa  for  aaall»saq;>la 
inapeotion  of  MIL-S11>«10^.  Oroi^  B inapaotlon  ahall  bo  parfonned  in  the 
order  Ileted  in  Table  IV  on  the  ease  aaaple  batteriea  ax¥l  shall  nomally 
be  perfomad  on  inapeotion  lota  that  bare  paaaed  grevp  A inapeotion. 

Tabla  IV  Qrot^>  B Inapaotton 


1 

Exagiioation  and  Teat 

Requirement 

paragraph 

Method  oi  Teat 
Paragraph 

jfnapection  | 

-TCJC 

Level 

1 

1 

Subgrovp  1 

Olioenaiona  A velght 
Inaulation  realatance 
Battery  voltage 
Safety  feature 

Visual  A mechanical 

3.6 

3.7 
3.6.1 
3.6.9 

< 

3.6  A 3.15 

U.7.U  A U.7.1;.l 
U.7.7 

lt.7.5  A U.7.5.1 
U.7.10 

J4.7.I 

0.65$ 

0.65$ 

0.65$ 

0.65$ 

1$  Major 
lj$  Minor 

S-1 

S-1 

S-1 

S-1 

S-1 

S-1 

% 

Subgroup  2 

Mechanical  ahock 

3.12 

U.7.9 

2.5 

S-1 

Vibration 

3.11 

b.7.e 

2.5 

S-1 

dL 

Altitude 

3.13 

U.7.11 

2.5 

S-1 

% 

! 

Battery  voltage 

3.6.1 

1*.7.5  A li.7.5.1 

2.5 

S-1 

Jacket  Integrity 

3.6.10.3 

U.7.3.2 

2.5 

S-1 

Viaual  A mechanical 

3.6  A 3.15 

U.7.1 

1$  Major 
l4$  Minor 

S-1 
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It. 6. I >4  Group  C Inspactlon.  - Group  C Inspection  shell  consist 
of  (a)  HT  capacity  test  with  I30*F  discharge  after  only  2 week  storage 
at  I60’F,  and  (b)  LT  capacity  test  with  -20*F  discharge  after  only  2 week 
storage  at  I60*F. 

4. 6. 1.4. 1 Samp I Inq  Plan.  • Ten  (10)  samples  each  shall  be  taken  at 
random  from  the  first  20)^  of  production  batteries  fabricated  In  each 
monthly  shipment  lot* 

4. 6. 1.4. 2 Group  C failures.  - Action  required  relative  to  Group  C 
failures  shall  be  as  spec  I Had  In  contract  or  purchase  order*  Kore  than 
one  failure  per  sample  group  of  ten  shall  constitute  a failure  of  the 
monthly  production  lot*  A failure  Is  any  sample  having  one  or  more  of 
the  following  deficiencies: 

(1)  Insufficient  service 

(2)  Excessive  Initial  voltage  delay 

(3)  Battery  exceeds  dimensional  tolerances  after  discharge* 

4. 6* 1.5  Group  D Inspection.  - Group  D Inspection  shall  be  performed 
at  the  Government  Inspection  facility  (See  6.1(f))  on  sample  batteries  In 
accordance  with  Table  V*  Shipment  of  the  lot  represented  by  the  sample 
batteries  shall  not  be  he Id  up  pending  the  results  of  group  0 inspection* 

4. 6*1. 5*1  Sampi  inq  plan*  - A saniple  of  n,  batteries  shall  be  selected 
at  random  from  production  for  each  shipment  lot  In  amounts  determined  from 
the  following  formula.  The  sample  size  shall  be  rounded  off  in  the  case  of 
fractions  to  an  adjacent  integer  (up  or  down  for  each  shipment  lot),  so 
that  exactly  n batteries  have  been  assigned  to  each  capacity  test  (T  and 
LT),  when  the  sample  for  the  shipment  of  the  contract  lot  has  been  drawn. 


Where: 

a 

"s 

Ns 

N 


As  • a ♦ 


N 


(2n) 


3 when  D capacity  test  Is  specified  (See  3*1). 
otherwise  a ■ 0. 

number  of  batteries  to  be  taken  from  each  shipment  lot 

number  of  batteries  In  the  shipment  lot 

number  of  batteries  in  the  contract  lot  (See  Table  VI) 


n 


number  of  batteries  to  be  taken  from  the  contract  lot 
for  each  of  the  two  capacity  tests,  T and  LT,  In 
accordance  with  Table  VI.  (Total  number  of  batteries 
selected  equals  2n). 
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Smal ler-than-shi pment  (subshipment)  lots.  - At  the 
supplier's  option  selection  of  sample  batteries  (see  4.6. 1 .5> I ) may  be 
made  on  a smal ler-than-shipment  (subshipment)  lot  basis.  In  such  case, 
the  sample  size  for  the  subshlpment  lot  shall  bear  the  same  ratio  to 
the  sample  size  for  the  shipment  lot  at  the  subshipment  lot  bears  to  the 
shipment  lot. 

If. 6. I. 5. 1.2  Allocation  of  sample  batteries  for  group  0 Inspection.  - 
The  number  of  batteries,  rig,  selected  from  a shipment  lot  (see  h.6.1.5«1) 
shall  be  assigned  at  random  for  group  0 Inspection,  as  follows: 

(a)  The  quantity  of  batteries  (2n  l^s/N)  in  the  sample  of  the 
'first  shipment  lot  shall  be  taken  at  random  and  assigned  to  the  capacity 
tests.  The  first  battery  shall  be  assigned  to  the  T test  and  the  second 
to  the  LT  test.  This  shall  be  repeated  until  all  the  batteries  have  been 
assigned.  This  sequence  of  assignment  of  sample  batteries  to  the  two 
capacity  tests  shall  be  resumed  In  each  succeeding  shipment  lot  at  the 
same  point  at  which  It  ended  In  the  previous  shipment  lot. 

(b)  The  assignment  of  batteries  to  capacity  tests  shall  result 
In  'the  allocation  of  exactly  n batteries  to  each  of  the  two  capacity  tests 
after  the  final  shipment  on  the  contract  lot  Is  made.  If.  necessary  the 
sample  size  05  taken  from  the  last  shipment  lot  of  a contract  shall  be 
adjusted  so  that  this  result  Is  achieved. 

I 

Table  V Croup  D Inspection 


Storage  & Capacity  Tests 

Requ I remen t 
Pa ragraph 

Method  of 
Tost  Paragraph 
(4.7.6. 1 thru 
4. 7.6-6) 

Subgroup  1 (Adjustment  Purposes) 

Capac  1 ty  T 

3.9  t 3-10 

4.7.6. 1 .6 

Capacity  LT 

3.9  & 310 

4. 7. 6-1. 4 

Subgroup  II  (Gov't  Control  Purposes) 

Copacity  0 

3.9  fi.  310 

4. 7. 6. 1.7 
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Table  VI  Sample  Size  and  Acceptance  Number 
for  Each  Capacity  Test  Under  Subgroup  I of  Croup  D 


Contract  lot  size  "N" 

Sample  size  "n"  for 
each  Subgroup  1 
Capacity  test  from 
contract  lot 

ly  Acceptance  Numbers 
T and  LT  Tests 

0 to  110 

i'  5 

2/ 

1 1 1 to  500 

15 

‘ 3 

501  to  800 

25 

5 

801  to  1 300 

35 

7 

1301  to  3200 

50 

9 

3201  to  8000 

75 

)3 

6001  to  22.000 

1)0 

18 

22,000  to  110,000 

150 

24 

over  110,000 

225 

34 

W When  the  number  of  capacity  values  falling  below  the  minimum 
requirements  specified  (See  3<l)  for  a given  test  Is  equal  or 
less  than  the  associated  acceptance  number,  the  contract  lot 
from  which  the  sample  was  drawn  has  met  the  requirements  of 
that  test. 

2/  Determination  of  compliance  specified  In  4. 6. I. 5*2  shall  not 
~~  apply  to  contract  lot  sizes  of  less  than  III. 


4. 6. 1.5. 2 CompI lance.  - The  entire  contract  lot  shall  be  considered 
as  complying  when  the  T and  LT  test  results  show  compliance- 

4. 6.1. 5*2.1  Determination  of  compliance.  - To  determine  whether  the 
contract  lot  conforms  to  the  specified  T and  LT  requirements,  the  number 
of  batteries  In  the  sample  with  capacity  values  below  the  minimum  capacity 
value  specified  In  3.1  for  the  T and  LT  test  shall  be  compared  with. the 
applicable  acceptance  numbers  for  sample  sizes  n In  table  VI.  When  the 
number  for  a given  test  Is  less  than  or  equal  to  the  corresponding 
acceptance  number,  the  contract  lot  complies  with  the  requirements  of 
that  test.  When  the  number  Is  greater  than  the  acceptance  number,  the 
contract  lot  does  not  comply.  This  comparison  shall  be  made  for  tests 
T and  LT. 

I 4. 6. 1.5*2. 2 Missing  capacity  values.  - If,  for  any  reason,  upon 
the  completion  of  the  T and  LT  tests,  there  are  fewer  than  n valid 
capacity  values  available  for  each  test  for  the  evaluation  of  contract 
lot  quality,  the  missing  values  shall  be  set  equal  to  the  applicable 
requirement. 
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I 

i 
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4<6.).5«3  Noncompl lance. 

4.6.I.5«3*I  Subgroup  I . - If  the  capacity  test  results  do  not  show 
compliance  with  the  requirements  as  defined  In  l«.6. I .5>2,  the  entire 
contract  lot  shall  be  considered  as  not  complying  with  requirements  of 
this  specification  and  an  adjustment  shall  be  made. 

4. 6. 1.5. 3. 2 Subgroup  1 1 . - If  the  number  of  failures  found  during 
capacity  test  0 exceeos  fifteen  (15)  percent  of  the  number  of  samples 
subjected  to  this  test,  the  contract  lot  Is  considered  non-conforming, 
and  the  conditions  of  paragraph  are  applicable. 

c 4.6.2  Inspection  of  preparation  for  delivery.  - Sample  Items  and 
packs  shall  be  selected  and  Inspected  as  specified  In  Specification  MIL- 
P-H6  to  verify  conformance  with  requirements  In  Section  5 herein. 

4.7  Methods  of  examination  and  tests.  - 

4.7.1  Visual  and  mechanical  examination.  - Batteries  shall  be 
examined  to  determine  compliance  with  all  applicable  requirements  and 
characteristics  listed  In  Table  VII. 


Table  VII  Visual  and  Mechanical  Examination 


Requirement 

Reference  Paragraph 

External 

Design  and  construction  W 

3.6 

Terminals  .....  

3.6.8 

Jackets  

3.6.10 

Age  of  cel  Is 

3.6.7 

Insulating,  Impregnating 

Potting  and  sealing  compounds  

3.6.2 

Labeling  and  marking  

3.14 

Workmanship  . . . . 

3.15 

1/  With  exception  of  dimensions  and  weight  which  shall  be  performed 
in  group  B inspection.  (See  4. 6.1. 3) 

1 

I 

] 
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TIBLE  VIII  Claealflcatdon  of  Vlaual  and  Mechanical  Exaalnation  Defecta 


Categorlea 

Major 

101 


102 


103 

lOU 

105 

106 
107 


108 

109 

110 
111 


112 


Defecta 


lapri^r  aaaeo^ly  ca\i8lng  parta  to  be  inoperative  or  unaafe 
in  aervice. 

Deforwd  or  daoaged  parta  which  ara  incperative  or  aalfunction 
in  aex7rice« 

Cell  aging  requireawnt  not  owt* 

Contact  aurfacoa  obatructed  by  inaolation  aateriala  ao  that 
electrical  uae  ia  affected. 

Torn  nonnatallic  jacketa  » any  tear  or  rip  nlth  dlaenaion 
greater  than  1/2  inch* 

Improper  Jacket  cloaure. 

Inaulatlng  parta  or  materiala  niaaing,  daiaaged,  or  lisproperly 
located  ao  oa  to  affect  electrical  performance. 

location,  polarity  and  marking  of  tendnala  not  aa  apecified. 

Labeling  and  marking  wrong,  miaalng  or  illegible  ao  that 
utilisation  ia  affected. 

External  and  internal  threade  miaalng,  wrong  aize  or  ao 
damaged  to  prevent  proper  use. 

Electrolyte  leakage  caused  by  sdsaing  or  defective  sealing 
or  cloaure. 

Welded  or  soldered  connections  liqproperly  made  ao  as  to 
adversely  affect  battery  performance. 


Minor 

201  Improper  assembly  >dilch  could  reduce  efficiency  of  operation 

but  not  render  battery  inoperative  or  unsafe  in  service. 

202  Defonned  or  damaged  parts  which  do  not  adversely  affect 

electrical  performance. 

203  Inferior  insulating  parts  or  mateidals  vdiich  do  not  adversely 

affect  electrf-cal  performance, 

20U  Contact  surfaces  obstructed  by  insulating  materials  which 

will  not  cause  mechanical  or  electrical  failure  in  service. 

205  Burra  or  liqperfections  which  do  not  interfere  with  proper  use 

in  operation,  assembly  or  disassembly,  or  cause  unsafe 
condition  in  service. 

206  Inproper  marking  which  doesn't  haa^r  utilization  or  identi- 

fication of  the  battery. 


Flow  or  ahrtnklng.  - Potting  and  aaaling  ocopounlB, 
when  used,  ahall  b«  placed  In  a cootalnar,  appraxinataly  3 Inches  wlds 
by  6 Ixicbes  long  by  3/U  Inch  high,  to  within  1/k  inch  cf  the  top.  yho 
ten^rature  of  tbs  coapoond  vltblo  tbs  oontalosr  shall  bs  raised  to 
160^F  t 5°F.  (71.1°  i 2.8°C.)  and  the  container  shall  bs  held  In  an 

Inverted  position  for  2lt  hours.  Then  the  terepsrators  of  tbs  ooopound 
■hall  bs  lowered  to  0°  t 5°F.  (•17*6°  ♦ 2.60^C).  The  flow  or  oraeklnf 
or  shrinking  of  the  eoqpound  froa  the  Bides  of  the  oontalnsr  shall  bs 
noted.  If  flow  Is  noted  at  160°  ♦ 5®F.  (71.1®  ♦ 2.8®C)  five  batUrlss 

of  type  involved  shall  bs  exposed' to  160°  1 5 F*  (71.1”  t 2.6®C) 
storage  for  2U  hours  with  terslnals  resting  In  lowest  possible  position. 
At  tbs  end  of  this  exposure  period  batteries  shall  bs  exaained  to 
deteralne  that  there  is  no  Ispalrsent  of  elsctrloal  contaot*  (See  3,6,2) 

U.7.2  Dielectric  st^^th.  • Applicable  tpeclnens  of  naterlal  and 
coqponents  shall  be  condition^  for  U6  hours  at  160®  g 2®F. 

(71.1®  1 1.1°C.)  and  a relative  bunidlty  of  50  A 15  percent,  then  for 
1 hour  at  70®  t 5®F.  (21.1®  t 2.8®C.)  and  a relative  humidity  of  50  ^ l5 
percent.  Each  speclnsn  of  material  shall  then  be  placed  between  two  ” 
electrodes  In  such  a manner  that  the  electrodes  will  make  contact  with 
both  sides  of  the  speelrnsn  being  tested.  Each  electrode  ahall  have  a 
diameter  of  2 Inches  with  the  edge  rounded  to  a radius  of  1/U  Inch,  so 
that  the  contaot  surface  Is  a olrcle  1 1/2  Inches  in  diameter.  The 
speclnsn  shall  extend  at  least  1/2  Inch  beyond  the  electrode  surfaces 
around  the  entire  circumference  of  the  electrode  to  prevent  flash-over 
at  the  edge  of  the  specimen.  The  speclnens  of  material  shall  be  sub- 
jected to  a potential  of  1,000  volts  root  mean  square,  alternating 
current,  at  connerclal  frequency,  for  a period  of  1 minute.  The  trans- 
former used  ahall  be  rated  not  less  than  1/2  kllovolt-anpere  and  shall 
be  capable  of  dellvez*lng  up  to  10,000  volts  root  mean  square,  60-cyole 
alternating  ciurrent,  to  the  electrodes.  The  applied  voltage  shall  be 
Increased,  starting  at  zero  voltage,  at  an  approximate  rate  of  500  volts 
per  second. 

U.7.3  Jackets . - 

U.7.3.1  Metallic  .jackete.  - Metallic  Jacketed  batteries  weighing 
five  pounds  or  more  ahall  be  loaded  by  applying  weights  totalling  100 
pounds  evenly  distributed  over  the  top  of  the  battery  and  ahall  remain 
BO  loaded  at  least  one  minute.  The  condition  of  the  jacket  ehall  bs 
observed.  (See  3.6.10.1.2) 
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li.7,3,2  Jacket  In  teg  rl  ty . . shall  be 

Iranarsed  to  wlt^n  1/U  InchTgf  the  top  of  the  jacket  In  water  maintained 
at  a temperature  of  160°  t 5°?  (71.1°  t 2.8®C)  for  a period  of  U6  hours. 

The  condition  of  the  jacket  and  its  seana  shall  be  obasrred.  (See  3.6.10.3) 
Eac'  battery  shall  then  be  dried  at  160°  ♦ 3°K  ^71.1°  ♦ 1.7°C\for 

- 7°7  i - 3.5>°c; 

2li  hours  and  tested  in  accordance  with  li. 7.6. 1.1. 

U.7.1*  Dlmenalona  and  welo;ht.  - Batteries  shall  be  ezsalASd  by  gaging 
or  Keasuiing  and  by  weigiiing  to  deteralne  conforaance. 

U.T.htl  Dimenalons.  - All  dlJMnslons  shall  Includs  any  coating 
which  may  be  used,  and  shall  remain  within  the  specified  tolerances 
throughout  the  required  tests.  When  box  gagas  are  used,  batteries,  loaded 
with  the  following  weights,  shall  pass  freely  through  the  applicable  gage 
openings t 

(a)  Batteries  weighing  less  than  $ pounds  - loading  weight  of 
$ pounds. 

(b)  Batteries  weighing  5 pounds  or  more  - 
tO'thi  wight  of  the  battery. 

The  insi<ie  dimensions  of  the  booc  gage  shall  be  the 
outside  dimensions  of  the  battery. 

h.7.5  Battery  Voltage.  - 

li.7.5.1  Open-circuit  voltage.  - A direct  current  voltmeter  of 
proper  range  and  senaitivlty  shall  be  used  to  measure  the  open>circuit 
voltage. 


loading  weight  equal 
specified  maximum 


U.7.?.2  Closed-circuit  voltage.  - A direct  current  voltmeter  of 
proper  range  and  sensltivlty  'shall'  bo  used  to  measure  the  closed  circuit 
voltage  utilizing  r-sistance  specified.  (See  3.1) 

1^,7. 6 Capacity.  - 

h.7.6.1  Capacity  Teats.  - Sample  batteries  selected  for  capacity 
tests  specified  in  the  individual  specification  sheet  (3.1)  shall  be 
stored  and  dlocharged  ao  applicable,  in  accordance  with  U. 7. 6. 1.1  through 
I4.7.6.6.  At  the  beginning  of  each  dlachargo  teet  the  initial  voltage 
shall  be  detondned  in  accordance  with  14.7.6.6. 

I4.7.6.I.I  Capacity  Teat  I.  - Dlochorge  at  70°  + 2°F  without  previous 
storage . 
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L. 7. 6.1. 2 Capacity  Teat  L.  - Dlecharga  at  -20®  ♦ 3®F  after  atoraga 
at  -20*  i 3°F  for  a BipliiuM  ot  elxtaen  (16)  houra, 

U. 7. 6.1. 3 Capacity  Ta at  H.  - Dlaobarga  at  130®  ♦ 3®F  after  storage 
at  130°  ♦ 3®F  for  a aiinlaxia  of  sixteen  (l6)  boors. 

14.7.6.1.U  Capacity  Teat  LT.  - Diecharge  at  -20°  X 3®F  after  four 
(U)  weeks  storage  at  ito'V  and  a ■Indiai  of  sixteen  (l6)  hours  at 
-20®  X 3®F. 

U.7.6.1,5  Capacity  Test  HT.  - Discharge  at  130°  t 3®F  afUr  four 
(U)  weeks  storage  ai  Xw^'and  'a  adnisraa  of  sixteen  (l6)  hours  at 
130®  t 3®f . 

u.7.6.1.6  Capacity  Teat  T.  - Dlsohargs  at  70°  ♦ 2°F  after  thirteen 
(13)  weeks  storage  at  130''F. 

U.7. 6.1.7  Capacity  Teat  D.  - Diacharge  at  70°  t 2®F  ®^ter  fifty-two 
(52)  weeks  storage  at  VO'^F. 

h,7,6.2  Storage  conditions.  - The  storage  conditions  specified  in 
Table  11  shall  prevail  during  storage  periods  specified.  Nomal 
conditions  ahall  be  maintained  insofar  as  possible.  Deylatlons  fro* 
normal  conditions  are  permitted  provided  thatt  (1)  The  extreme 
conditions  specified  in  Table  IX  do  not  exist  for  more  than  ten 
percent  (cumulative)  of  the  specified  storage  perlods|  and  (2)  that 
at  no  tine  are  the  extreme  conditions  exceeded. 

t(.7.6.3  Storage.  - Sasple  batteries  (packaged  per  contract)  shall 
be  stored  at  applicable  atoraga  conditions  for  the  apecifled  period. 

(See  3.1)  The  storage  period  shall  be  considered  to  have  atarted  from 
the  date  the  batteries  are  actually  placed  in  storage.  At  the  conclusion 
of  the  storage  period  the  outside  of  the  battery  container  shall  be 
examined  for  corroeion.  (See  3.6.10) 

U.7.6.U  Stabilization  preceding  diacharge.  - Following  storage,  and 
conditioning,  when  applicable,  the  batteries  shall  be  further  stored  for 
1|8  hours  at  ambient  discharge  conditions  . Prior 

to  initiation  of  discharge,  L and  LT  test  sanqples  shall  be  stored  at 
-20®  1 3°F  and  H and  HT  test  saaples  at  130®  ± 3°F  for  a minimum  of 
sixteen  (l6)  hours. 

U.7.6.5  Discharge.  - Following  stabilization  ths  batteries  shall  be 
discharged  at  the  ambient  diacharge  conditions  as  specified.  The  discharge 
shall  be  terminated  when  any  one  of  the  following  corxlltlona  occur  i 
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(a)  The  batter^  voltage  or  the  voltaf;e  of  an^  one  unit  falls 
below  the  specified  test-end  voltage.  (For  batteries  requiring  dis- 
charge alternately  through  two  resletanoes,  the  voltage  ^all  be  read 

during  the  final  gdnute  of  the  bearler-load  pex*iod.) 

« 

(b)  The  battery  dlsMinslons  SKoeed  the  aazlMai  specified, 

. (See  3.1) 

Table  7X  Storage  Test  Conditions 


Kind  of 
Storage 

Normal  Conditions 

— - '■  ■ 

' BgU«ms  Qondii 

dons 

Tegoogperaturs 

Relative 

Humidity 

(percent.) 

Tesg>sratu^ 

1 

Relative 

Hmldlty 

(psfcsnt) 

T Storage 

130°  ♦ 3®F 
- Uop 

(5U.li°+  1.7°c) 
( - 2.2®C) 

N1 

108®F  (U2.2®C)  thru 
126®F  (52.2®C) 
and 

133®F  (56.1®C)  thru 
135°P  (57.2®C) 

Ml 

D Storage 

70®  ♦ 5®P 
(21.1®+  2.8®C) 

$0  + 20 

60®F  (15.6®C)  thru 
65°F  U0.3®C) 
and 

75®F  (23.9®C)  thru 
80®F  (26.7®C) 

10  thxm  30 
and 

70  thru  90 

HT  and  LT 
Storage 

160®  + 3®F 
- 7®P 

(71.1®+  1.7®C) 
( -3.9®C) 

NA 

1140®F  (60®C)  thru 
153®F  (67.2*C) 
and 

163®F  (72.8®C)  thru 
165«>F  (73.9®C) 

NA 

i...  . ■ , 

14.7. 6.6  Initial  vo1  tage  delay  ■ - At  the  start  of  the  capacity  dis- 
charge test,  batteries  shall  be  monitored  with  an  oscillograph  to  determine 
the  time  In  fractions  of  a second  required  for  battery  units  to  reach 
minimum  voltage  after  the  specified  loads  are  applied  as  stipulated  in  the 
Individual  specification  sheet.  (3.1) 


V 
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14.7*7  loaulatlon  rgalBUnc*.  - lDBTil«tioD-r«BlBtaoca  teat  ahall  be 
perfonMdf  except  ea  otherwiae  apecifled.  (See  3.1)  Batteriea  ahall  be 
atored  for  a period  of  Ud  houra  at  70®  t 5®F*  (21.1®  t 2.8®C.)  anl  a 

relatlTe  hunidlty  of  $0  g 15  percent.  If ter  atorsge  and  while  at  theaa 
oondltloDif  the  Inaulatlon  realatanoe  ahall  be  ateaanred  bjr  appljlng  a 
dlract-corraot  potantial  of  500  * 20  wolta  botween  anj  two  tei«ioala  not 
I olootrlcalljr  oonneeted  and  between  all  ungrounded  teralnala  and  the 

oontalner  of  the  batterj*  Tha  Inaulatlon  realatanoe  of  battailaa  hawing 
i.  a nooBetallio  oontalner  ahall  be  Maaured  bgr  the  uae  of  • 1 lnoh>aquara 

I eoppar  plate  making  phyaloal  eontaot  with  the  oontalner.  Tha  plate  ahall 

! 1^  plaoad  with  tha  bro^  aurfaoe  agalnat  angr  area  of  ainf  etxrfaca  of  the 

jacket  other  than  that  on  which  tha  hattaiy  tarwdLaala  are  located. 

Ii.7.8  Vibration.  - Only  multi-oell  battarlee  ahall  be  eubjeotad  to 
vibration.  £aok  baiCery  ahall  be  rigidly  olaip^ed  to  the  platfom  of  a 
vibration  machine  in  a manner  approximating  aa  oloaely  aa  practicable 
the  manner  in  which  the  battarlee  are  claoped  when  in  uae.  (See  3.1)  A 
eiaple  harmonio  notion  ahall  be  ^>plied  having  an  aaqplitude  of  0.03  inch 
(0.06  * inch  total  maxlmue  ezcuralon).  The  freqaanoy  ahall  be  varied  at 
the  rate  of  1 cycle  per  aeoond  per  minate  between  the  limita  of  10  and 
55  oyclea  per  aeoond.  The  entire  range  of  freqnenclea  and  return  ahall 
be  traveraed  in  95  t 5 ninutaa  for  each  mounting  poaition,  (direction 
of  vibration)  of  the  battery.  The  batteriea  ahall  be  vibrated  in  three 
equal  perioda  in  mutually  perpendicular  directional  one  of  which  ahall 
be  perpendicxilar  to  the  terminal  face  of  the  battery.  Open-circuit 
' voltage  ahall  be  obeerved  for  30  aeconda  during  the  laat  quarter  of  each 

of  the  three  vibration  perioda. 

.i 

U.7.9  Mechanical  ahock.  - Only  n\xltl-oell  batteriea  ahall  be  aub> 
jected  to  mechanical  ahock.  Each  battery  ahall  be  aecured  to  the  teating 
machine  by  meana  of  a x*lgld  mount  which  will  axipport  all  mounting  aurfaeea 
of  the  battery.  Each  battery  ahall  be  aubjected  to  a total  of  three 
ahooks  of  equal  magnitude.  The  shocka  ahall  be  applied  in  each  of  three 
mutually  perpendicular  directiona.  Each  ahock  ahall  be  applied  in  a 
direction  normal  to  a face  of  the  battery.  The  facea  of  the  battery  are 
identified  by  their  poaition  in  relation  to  the  front  face  (the  face 
tdxlch  bears  the  label.)  For  each  ahock,  the  battery  shall  be  accelerated 
in  such  a manner  that  during  the  first  3 ailliaeconda  the  minimum  average 
acceleration  ia  75  gravity  units  (0).  Tha  peak  acceleration  shall  be 
between  125  to  175  0. 

U.7.10  Safety  feature.  - Each  sample  battery  ahall  be  subjected  to 
a direct  ahox*t,  i.e.,  less  than  0.1  ohm,  until  the  circuit  is  broken  by 
the  safety  feature.  The  maximtim  current  and  time  required  to  activate 
the  safety  feature  shall  be  determined  and  recorded.  Following  the  direct 
shorting  all  batteries  ahall  ba  placed  in  a tenperature  of  1000  * ^00®P 

for  a period  of  15  minutes  during  which  period  of  time  no  explosion  shall 
occur.  During  exposure  to  the  I000*F  test  a battery  fire  Is  permissible 
providing  all  other  conditions  of  the  test  have  been  met. 
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L 7.11  AltltiKle,  - Batt®rl«o  ahall  b«  placed  In  an  altitude 
chaabi;,  In  vKISTTK?  preeaure  la  a^intalned  at  a jalue 
to  an  aiutude  of  50,000  feet  and  the  tenperattxr*  la  kapt  at  75  t 5^i 
for  a period  of  aix  (6)  houra. 

5.  PREPARATION  FOR  DILIFERI*  • 

5.1  Preaerration  and  nackagiuft.  - P^aareaUon  and  packa«lii|  aball 
be  leyel  A or  C at  opeoifie^  (§eap«l(<*// 

5»1*^  Lerel  A.  - 

5. 1.1.1  Cleaning.  - Each  batterx  ahall  be  cleaned  in  accordance 
with  proceea  C-1  of  MIL-P-116. 

5. 1.1. 2 Drying.  - Each  battery  shall  be  dried  with  applicable 
procedure  of  MIl»“P*ll6. 

5. 1.1. 3 Preaervation  application.  - Hone  required. 

ti  ^ nnlt  oackaging.  - Each  battery  ahaU  be  indl^du^ly 

nackag;d  in  ac^SdaSce  wi^Metbod  lC-2  of  MILTP-n6.  Each  batte^  ahall 
be  nlaced  in  a close-fitting  box  conforming  to  HIL-B-U30^,  For*  1, 
be  plac^  ^ Pin--  i Box  closure  shall  be  in  accordance  with  the 

by  heat  seal. 

c 1 1 li.l  Tntermediate  packaging.  - When  specified  a ^^tity  of 
h^tterfes  bearliS  the  saiti  stock  n^r,  packaged  as  J;*' 

rtill^  placed  in  close  fitting  box 

?o?2>d8^  *Bw?^cle8ure  shall  be  in  accordance  with  the  appendix  of  the 
box  specification. 

<12  Level  C.  - Batteries  shall  be  preserved  and  packaged  in  a 
««nAr  that  will  afford  adequate  protection  against  physical  and  envirojv- 

< 2 Packing.  - Packing  shaU  be  level  A,  B,  or  C as  e^clfi^. 
ShlPPlIi  oHS;.  Xcr  .11  l.v.1.  .bUl  b.  caprtl.  of  “■«* 

^Sorting  superimposed  loads  during  shipment  and  storage  without 

damaging  the  contalner(s)  or  its  contents. 


5.2.1  Lerel  A 


k 
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5. 2. 1.1  ConBolldation.  - A quantitj  of  battarioo,  packagod  aa 
apooiflod  in  5«lf  shall  bo  packed  vlth  a oloao-fitting  flborboard  box 
confomdng  to  PPP-B-636f  typo  CF|  claao  weathor-roalotaat.  Box  cloouro 
ohall  bo  aa  apoclflod  In  tho  appendix  of  the  box  apeclflcation.  To 
faclUtato  palletlaation,  flberboard  boxoa  ohall  bo  unlfona  in  also  and 
contain  oqual  quantltloa  of  tho  packaged  Iteoa  to  tbo  groatoat  oxtont 
practioablo . 

5. 2. 1.2  Pallotlaed  load.  - A quantity  of  oontalnora,  packed  aa 
apoqlfled  in  5.2.1«1>  ahall  bo  placed  on  a pallet,  load  typo  1,  confom* 
ing  to  KIl/>STD-lli7 . A flborboard  cap  ohall  bo  easployed  over  tho  load 
having  two  aidoa  extending  down  tbo  otackod  load  at  least  12  Inches  to 
accoBnodate  marking  requirementa . The  cap  ahall  bo  fabricated  of  fiber- 
botuxJ  confonolng  to  PPP-P-320,  claas  weather-resistant,  Vl5s,  or  V3c. 

The  lo6ui  ahall  bo  ''bonded"  to  the  pallet  by  strapping. 

5.2. 1.3  Leas  than  palletized  load.  - When  quantities  per  destina- 
tion are  less  than  a pallet  load,  the  containers  packed  as  specified  in 

5. 2. 1.1  shall  be  waterproofed,  with  tape  coikforming  to  PPP-T-76,  in 
accordance  with  the  taping  requirements  of  the  appendix  of  the  box  spec- 
ification. A quantity  of  the  waterproofed  containers  shall  bo  placed 
within  a close-fitting  box  conforming  to  PPP-B-!;85,  style  2 or  3,  class  3. 
When  the  n*oss  weight  exceeds  200  poxmds,  or  the  container  length  and 
width  is  UB  z 2U  inches  or  oiore  and  the  weight  exceeds  100  pounds,  3 z U 
inch  skids,  laid  flat,  shall  be  applied  in  accordance  with  the  requirements 
of  the  container  specification,  or  if  not  specified  in  the  specification, 
in  a manner  which  will  adequately  support  the  item  and  facilitate  the  use 
of  material  handling  equipment.  Closure  and  strapping  shall  be  in  accord- 
ance with  the  applicable  container  specification  or  appendix  thereto 
except  that  metal  strapping  shall  conform  to  QQ..6.76I,  type  1,  class  B. 

5.2.2  Level  B.- 

5. 2. 2.1  Consolidation.  - A quantity  of  batteries,  packaged  as 
specified  in  5.1,  shall  be  packed  as  specified  in  5 .2. 1.1. 

5. 2. 2. 2 Palletized  load.  - A quantity  of  containers,  packed  as 
specified  in  $.^.2.1,  shall  ^ palletized  aa  specified  in  5.2. 1.2. 

5. 2. 2. 3 Lees  than  palletized  load . - V/hen  quantities  per  destina- 
tion are  less  than  a pallet  load,  the  containers  packed  as  specified  In 

5. 2 .2.1  ehall  be  relruforced  by  pressure-senoltive  filament  tape  conform- 
ing to  PPP-T-97,  type  IV  as  specified  in  the  appendix  of  the  box 
specification.  No  further  packing  shall  be  required. 

5.2.3  Level  C.  - 


SCS-l«59 
Page  27 

5«2.3*l  Consol  Idat Ion . >A  quantity  of  batteries,  packaged  as 
specified  In  5*1,  shall  be  packed  as  specified  In  5*2. I>l,  except  that 
the  fiberboard  boxes  shall  be  class  domestic. 

5*2. 3*2  Palletized  load.  - A quantity  of  containers,  packed  as 
specified  In  5*2. 3*1,  shall  be  palletized  as  specified  In  5. 2. 1.2,  except 
that  fiberboard  cap  shall  be  class  domestic. 

$.2.3.3  less  than  palletized  load.  - When  quantities  per  destination 
are  less  than  a pallet  load,  the  containers  packed  as  specified  In  5.2.3. I 
shall  be  used  as  the  shipping  container.  No  further  packing  shall  be 
required.  , 

5.3  Harking.  - In  addition  to  any  special  marking  required  by  the 
contract  or  order,  Interior  shipping  containers  shall  be  marked  in  accord- 
ance  with  HIL-STD-129. 

6.  NOTES 

6.1  Ordering  data.  - Contractual  documents  should  specify  the  follow- 
ing: 

(a)  Title,  number,  and  date  of  this  specification. 

(b)  Complete  battery  type  designation  and  the  title,  number  and 
date  of  the  applicable  specification  sheet  (See  1.2.1  and  3.1)* 

(c)  Date  for  notice  of  availability  for  shipment. 

(d)  Applicable  levels  of  preservation,  packaging  and  packing, 
and  applicable  battery  quantities. 

(e)  Name  and  address  of  responsible  Government  technical 
activity  concerned  with  First  Article  Inspection. 

(f)  Name  and  address  of  Government  Inspection  facility  per- 
forming Group  D Inspection. 

6.1.1  Indirect  shipments.  - The  packaging,  packing  and  marking 
specified  In  section  5 apply  only  to  direct  purchases  by  or  direct  shipment 
to  the  Government  and  are  not  Intended  to  apply  to  contracts  or  orders 
between  the  supplier  and  prime  contractor. 

6.2  Awarding  of  contract.  - Contracts  will  be  awarded  only  to 
suppliers  who  guarantee  to  meet  the  requirements  of  this  specification. 

No  combining  of  performance  requirements  should  be  undertaken.  Bids 
that  offer  to  guarantee  higher  capacities  will  receive  no  special 
consideration  in  awarding  a contract.  Contracts  will  be  awarded  to 
the  lowest  bidder  on  a cost-per-uni t battery  basis  provided  that  all 
performance  requirements  are  guaranteed.  Failure  on  a prior  contract. 
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of  a manufacturer's  particular  battery  typo  to  meet  any  of  the  performance 
requirements  of  this  specification,  will  be  adequate  cause  for  rejection 
of  bids  on  that  particular  type  until  the  supplier  submits  certified  data 
proving  that  — 

fa)  Action  has  been  taken  to  eliminate  the  cause  of  failures;  and 
b)  The  battery  meets  ail  the  performance  requirements  of  this 
specification. 

6.3  Verification  Inspection.  - Verification  by  the  Government  will 
be  limited  to  the  amount  deemed  necessary  to  determine  compliance  with 
the  contract  and  will  be  limited  In  severity  to  the  definitive  quality 
assurance  provisions  established  In  this  specification  and  tite  contract. 
The  amount  of  verification  Inspection  by  the  Government  will  be  adjusted 
to  make  maximum  utilization  of  the  contractor's  quality  control  system 
and  the  quality  history  of  the  product. 
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BATTERY,  PRIMARY,  LITHIUM  ORGANIC  BA-5590/U 
The  comolete  gou I regents  for  procuring  the  lithium  organic  or Imary  batter 


type  describe  I herein  shall  consist  of  this  document  and  the  Issue  In  ef 
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SOCKET  WIRING 
SCHEMATIC 


FIGURE 

Battery,  Primary,  Lithium  Organic  BA-5590A/ 
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NOTES: 

!•  AM  dimensions  are  In  Inches. 

2.  The  battery  outer  Jacket  shall  be  waterproof  paporboard.  An  alternate 
packaging  can  oe  of  polyurethane  foam  or  similar  lightweight  potting  with 
surfaces  treated  to  meet  the  jacket  Integrity  tost. 

3.  Socket  wiring  schematic  to  be  printed  on  jacket  In  suitable  location 
near  the  sockt:C  on  the  terminal  face  of  the  battery. 

4.  Top  of  the  connector  socket  Is  to  be  mounted  flush  with  the  top  surface 
of  the  batter,  case. 

5.  The  battes  y terminal  shall  consist  of  a miniature  circular  battery  connector 
per  Drawing  £>>€-211488,  Rev.  B.  Connector  shaM  be  mounted  In  accordance  with 
referenced  drawing. 

6.  Connector  socket  body  configuration  shall  accept  two  (2)  each  0.156  Inch 
diameter  guldvposts  as  shown.  Depth  of  cavity  shall  be  0.622  Inch. 

Two  (2)  e .ch  battery  connector  mounting  screws:  Size  UNC-2A. 
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REQUIREMENrS; 

DImenslOiis  and  configuration;  See  Figure 
Nominal  Voltage:  24  volts 

(Consisting  of  two  (2)  each  Identical  12  volt  sections) 

Terminals:  Six  (6)  hole  socket  type  with  no  obstruction  of  any  holes 

(See  Figure) 

Weight : (laax  I mum) : 2.2$  pounds 

Capacity  tests:  When  the  battery  Is  tested  In  accordance  with  the  methods 

of  examination  and  tests  of  this  specification,  the  minimum  capacity  test 
requirc(«onts  shall  be  as  specified  below. 


Capacity  Test 
(per  SCS  459) 


Service  Requ I remen t 
In  hours 


I 

L 

H 

HT 

LT 

T 

D 


48 

24 

42 

38 

21 

28 

28 


Voltage  delay:  During  the  initial  one  minute  of  discharge  of  the- two  (2) 

12  vc't  sections  connected  in  series  for  any  of  the  discharge  tests  covered 
by  this  specification,  transient  voltages  below  the  20.0  volt  end  voltage 
cannc.  exceed  a 0.1  second  duration.  Subsequently,  during  the  course  of 
any  d scharge  test,  anytime  the  voltage  falls  below  20.0  volts  that  point 
in  ti>>e  will  be  considered  to  be  the  end  of  service  and  the  test  will  be 
considered  to  be  terminated. 

First  ai  tide  inspection; 

VIsud -mechanical  examination 
Battery  voltage 
Dimei  -.ions  and  weight 

Hechi-:iical  shock  • 

Vibra  tion 
Altitude 

Insulation  resistance 

Safety  feature  test 

Jacket  integrity  test 

Capacity  tests  I,  L,  H,  HT  and  LT 

Cell  lot  Inspection: 
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duality  con>  ormance  Inspection: 

VI  sua)  Mne>  tian  lea  I examination 
Battery  v I tage 
Dimension-  and  weight 
Mechanical  shock 
Vibration 
A 1 1 1 tude 

Insulatic..  resistance 
Safety  ft  iture  test 
Jacket  Iriegrlty  test 
Capacity  .ests 

METHOD  OF  b AMINATION  AND  TESTS; 


Capacity  '.ests: 

(1)  Storage:  Details  on  storage  conditions  for  all  specified  capacity 

tests  are  described  in  basic  specification. 

(2)  0)  charge:  The  battery  consisting  of  two  (2)  12  volt  sections 

connected  in  series  shall  be  discharged  through  a 
39"0  ohm  resistance  for  I minute  *,  and  then  through 
a 560  ohm  resistance  for  9 minutes  **.  This  cycle 
shall  be  repeated  continuously  to  a test  end  voltage 
of  20.0  volts. 

* An  8 ohm  resistance  pulse  shall  be  applied  during  the  first 
100  mi  1 1 1 seconds  of  each  I minute  load  discharge.  The  pulse 
voltage  shall  be  monitored  continuously  throughout  the  duration 
of  discharge. 

;ie  voltage  shall  be  monitored  during  the  last  minute  of  each 
'1  minute  load  discharge  for  the  "H"  and  "HT"  tests  only  to 
determine  whether  the  maximum  voltage  of  32.0  volts  is  exceeded. 


Closed  Circuit  voltage:  Closed  circuit  shall  be  observed  for  a period  of 

thirty  (30)  seconds  with  a direct  current  voltmeter  of  proper  range  and 
sens! I vity,  using  a load  resistance  of  lb-0  ohms  and  a minimum  permis- 
sible ol tage  of  il.O  volts.  Readings  shall  be  taken  between  socket 
holes  and  5 and  between  socket  holes  I and  b.  See  socket  wirjng 

schema ;Jc  on  the  battery. 
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Cell  lot  Inspection: 

1.  Cell  tot.  - A cell  lot  shall  consist  of  2990  cells  of  a parti- 
cular type  wMch  are  to  be  used  In  the  fabrication  of  a specific  battery 
lot.  Each  ot  the  cell  lots  shall  be  subjected  to  the  Inspection  program 
out  I Ined  herein. 

2.  Closed-circuit  voltage  test.  - All  the  cells  In  a cell  lot  shall 
be  pulse  tested  for  five  (5)  seconds  with  a 2.5  ohm  resistance  load.  Any 
cell  whose  voltage  falls  below  2 volts  during  the  5 second  pulse  period 
shall  be  rejected  for  use  In  battery  fabrication  or  further  cell  lot  testing. 

3*  I6Q*F  Storage  test.  - From  a coll  lot  that  has  been  tested  for  closed- 
circuit  voluge  select  thirty  (30)  cells  either  In  random  manner  or  at  pre- 
selected Intervals,  whichever  the  Government  Inspector  deems  more  desirable. 
The  thirty  (iO)  cells  shall  be  stored  at  160*F  '•■3,^  for  two  (2)  weeks  end 

then  at  -20*  ±3*F  for  a minimum  of  six  (6)  hours.  Each  cell  shall  be  dis- 
charged through  the  equivalent  cell  load  and  to  the  equivalent  cell  end 
voltage  In  accordance  with  the  Initial  capacity  test  of  this  specification 
sheet. 


a.  If  all  thirty  (30)  cell  samples  exceed  the  minimum  capacity  service 
requirement  by  a factor  of  at  least  10%,  the  lot  may  be  used  for  fabrication 
of  a single  lot  of  batteries. 

b.  If  there  are  two  (2)  or  more  failures  during  the  capacity  testing  of 
the  thirty  ( iO)  cell  samples  the  cell  lot  shall  be  rejected.  If  only  one 
(1)  failure  occurs,  another  twenty  (20)  cell  samples  shall  be  selected  from 
the  same  lot  and  this  same  test  shall  be  repeated.  If  no  failures  occur 
during  retes'lng,  the  cell  lot  shall  be  considered  acceptable.  If  one  (I) 
or  more  cells  fail  during  retesting,  the  cell  lot  shall  be  rejected  and  new 
cell  lot  of  2990  cells  shall  be  submitted  for  cell  lot  inspection. 

k.  Cell  replenishment.  - In  order  to  replenish  the  twenty' (20)  cells 
consumed  by  the  additional  160*F  storage  testing,  twenty-three  (23)  cells 
shall  be  fabricated  when  necessary.  All  shall  be  subjected  to  closed- 
circuit  volt.ige  test  (2  above).  Any  cell  that  falls  this  test  shall  be 
replaced  by  one  that  has  passed.  Three  (3)  cell  samples  shall  be  selected 
in  a random  ranner  from  the  twenty-three  (23)  cells  that  have  passed  the 
closed-circuit  voltage  test.  These  three  (3)  cell  samples  shall  be  tested 
in  accordance  with  the  I60*F  storage  test  (3  above).  No  failures  are  per- 
mitted for  acceptance  of  this  replenishment  lot  of  twenty  (20)  cells.  If 
one  or  more  failures  occur,  the  lot  of  twenty  (20)  cells  shall  be  rejected 
and  a new  lot  of  twenty-three  (23)  cells  shall  be  fabricated  and  three  (3) 
shall  be  tested.  This  procedure  shall  be  repeated  until  no  failures  occur. 
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PREPARATION  FOR  DELIVERY; 

Preserva lion. and  packaging:  Preservation  and  packaging  shall  ba  In  accordance 

with  1 ‘test  Issue  of  basic  specification  except  that  no  intermediate  packag- 
ing sl>4ll  be  required  and  unit  packaging  shall  be  as  follows: 

A unit  package  shall  consist  of  one  battery  Individually  packaged  per 
method  IC-I  of  HIL-P-116.  Battery  shall  be  placed  In  a barrier  bag 
fabric  .ted  of  material  conforming  to  L-P-378,  type  I,  grade  8,  finish  I, 
having  a uniform  thickness  of  U.OtO,^  mils  with  a heat  sealed  closure. 

The  bagged  battery  shall  be  placed  In  a close-fitting  paperboard  box 
conforming  to  PPP-B-566,  variety  2,  style  optional.  Closure  shall  be 
as  specified  In  the  appendix  to  the  applicable  box  specif icatlon. 
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• I^OTES; 

I (•All  dimensions  are  In  Inches. 

^ 2.  The  battery  outer  Jacket  shall  be  waterproof  paperboar(i.  An  alternate 

• packaging  con  be  of  polyurethane  foam  or  similar  lightweight  potting  with 

] surfaces  treated  to  meet  the  jacket  Integrity  test. 

I 

3>  Socket  wiring  schematic  to  be  printed  on  jacket  in  suitable  location 
near  tl  u socket  on  the  terminal  face  of  the  battery. 

h.  Top  of  the  connector  socket  Is  to  be  mounted  flush  with  the  top  surface 
of  the  battery  case.  ‘ 

I 

5*  Thv  battery  terminal  shall  consist  of  a miniature  circular  battery  connector 

per  Or.  /ing  ES-C-211^88,  Rev.  B.  Connector  shall  bo  mounted  In  accordance  with 
referei.^cd  drawing. 

6.  Coi.nector  socket  body  configuration  shall  accept  two  (2)  each  O.I56  inch 
diameti  r guideposts  as  shown.  Depth  of  cavity  shall  be  0.622  Inch. 

7-  Two  (2)  each  battery  connector  mounting  screws:  Sl2e  ^^4-^0  UNC-2A. 
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battery,  PRIKARY,  lithium  organic  BA-55O5/U 

The  complete  requirements  for  prtx^urlnR  the  J Ithlua  orcnnlc  prlmury  battery 
type  doiicrllT.  1 herein  ^Imil  coimint  of  t>iio  doeuxent  nrui  the  !>>cu<S  In  effect 
of  Speclflcn^  ton  SCa-4t>9. 
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BATTERY,  PRIMARY,  LITHIUM  ORGANIC  BA-5585/U 
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REQUIRf  tENTS; 


OlmenJons  and  configuration:  See  Figure 

••  • 

Notninil  Voltage:  24  vol  ts 

(Consisting  of  two  (2)  each  Identical  12  volt  sections) 

Termioals:  Six  (6)  hole  socket  type  with  no  obstruction  of  any  holes 

(See  figure) 

Weight : (maximum) : I*7S  pounds 

Capacity  tests:  When  the  battery  is  tested  In  accordance  with  the  methods 
of  examination  and  tests  of  this  specification,  the  minimum  capacity  test 
requirements  shall  be  as  specified  below. 


Capacity  Test 
(per  SCS  459) 

I 

L 

H 

MT 

LT 

T 

0 


Service  Requirement 
In  hours 

24 

12 

21 

19 

10 

14 

14 


Volta  e delay:  During  the  initial  one  minute  of  discharge  of  the  two  (2) 

12  .olt  sections  connected  {n  series  for  any  of  the  discharge  tests  covered 
by  *his  specification,  transient  voltages  below  the  20.0  volt  end  voltage 
can  ot  exceed  a 0.1  second  duration.  Subsequently,  during  the  course  of 
any  discharge  test,  anytime  the  voltage  falls  below  20.0  volts  that  point 
In  <.ime  will  be  considered  to  be  the  end  of  service  and  the  test  will  be 
con  Idered  to  be  terminated. 

First  article  inspection: 

Vi siial -mechanical  examination 
Battery  vol tage 
01  mnsions  and  weight 
Meci.anical  shock 
VI  b.  at  ion 

Al ti tude  * 

Insulation  resistance 

Safety  feature  test 

JacI ct  integrity  test 

Capacity  tests  I,  L,  H,  HT  and  LT 

Cell  lot  Inspection: 


i 

J 


Quality  co.formance  Inspection: 
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Vlsual-<n<  chanical  examination 
Battery  oltagc 

Dlmensioi.s  and  weight  I 

Mechanic  I shock. 

Vibration 

Altitude 

Insulation  resistance 
Safety  feature  test 
Jacket  li.tcgrity  test 
Capacity  tests 

METHOD  OF  ' <AMINATION  AND  TESTS: 

Capacity  tests: 

(1)  Storage:  Detaiis  on  storage  conditions  for  all  specified  capacity 

tests  are  described  in  basic  specif )cation> 

(2)  Discharge:  The  battery  consisting  of  two  (2)  12  volt  sections 

connected  in  series  shall  be  discharged  through  a 
39*0  ohm  resistance  for  I minute  and  then  through 
a 560  ohm  resistance -for  9 minutes  **.  This  cycle 
shall  be  repeated  continuously  to  a test  end  voltage 
of  20*0  vol ts. 

It  An  8 ohm  resistance  pulse  shall  be  applied  during  the  first 
100  milliseconds  of  each  I minute  load  discharge.  The  pulse 
voltage  shall  be  monitored  continuously  throughout  the  duration 
of  discharge. 

The  voltage  shall  be  monitored  during  the  last  minute  of  each 
9 minute  load  discharge  for  the  "H"  and  "HT"  tests  only  to 
determine  whether  the  maximum  voltage  of  32<0  volts  is  exceeded. 

Closed  (ircult  voltage:  Closed  circuit  shall  be  observed  for  a period  of 

thirty  (30)  seconds  with  a direct  current  voltmeter  of  proper  range  and 
sensitivity,  using  a load  resistance  of  lU.O  ohms  and  a minimum  permis- 
sible .oltagc  of  1 1.0  volts.  Readings  shall  be  taken  between  socket 
holes  ^ and  5 and  between  socket  holes  I and  U.  See  socket  wiring 
schematic  on  the  battery. 


U 


(■u>i  1.0  c I fr  iyr.c  t i cn  ; 


•*  -«■•  II  I '■»  - “ M «;«ii  IvH  i i ioM'jfjt  o(  or  fl  parcicu i«^r 

r./po  which  rfc  "C  be  usi.a  In  the  fobrication  of  d apcclflc  battery  lot- 
U3:n  of  the  r,c!i  lots  shall  hs  suojccLcd  tc  the  lnsr<?cti^n  program  outlined 
he.-ni.T. 


2.  ■ r:i>jj»ju->  1 ICO  • r vol  tape  test.  - All  thd  ceils  In  e cell  lot  shall  be  palse 
tested  lor  i ve  (S)  scconda  with  e 2.5  ohm  .'•ts ! stones  l.xid.  Arty  call  v;ho5c 
veil  .:ase  f;*l  j below  2 volts  during  the  5 second  pulse  period  sliall  be  rcJccceJ 
for  utfc  in  uttery  fchricdtlon  or  further  cell  lot  testing. 


3*  l6a*r  binraqe  test.  - from  a cell  Jot  tliat  has  been  tested  for  closcd- 
circtTit  vol-;jge  select  thirty  (30)  cells  either  i.i  rondon  .Tjnnor  or  at 
p.'ui elected  intervuis.  whichever  the  Goverr.T.er.t  Inspector  deems  more 
dcsf-ehii.  The  thirty  (30)  cells  shall  be  stored  at  l60"  fo»  tv'o  (7.) 


v.ee.^j  and  t '>n  at  ~20*  ±3°F  for  a minimum  of  six  (b)  hours.  Each  celi 
shul!  ho  oharged  through  the  equivalent  cell  load  and  tc  the  eoulvalent 
ue!i  end  vc  tags  in  accordance  with  the  Initial  capacity  test  of  this 
£}>ortficetl  i sheet. 


1.  )i  thirty  (30)  cell  samples  exceed  ti-e  minimum  capacity  service 
; r'-.'Ticr?  by  h fneter  of  at  least  lOX,  the  lot  may  be  used  for  fcbrication 
.'j  i Ingle  let  of  bwStteries. 


c.  !f  here  a'*o  two  (2)  or  more  failures  during  the  capacity  testing  of 
tti’  fr'.rr-j  itii  r.itl  I ! ns  the  cel!  lot  sh.all  be  rerincted.  if  rniy  nn« 

n vc.ilurr  .iccurs,  another  twenty  (2U)  ceil  san-pieu  shell  be  selected  frcu. 
tiio  spino  lo  and  this  sems  test  shall  oe  repeated.  If  co  failures  occur 
i.!i-'ri;;g  retv  ting,  the  cell  lot  shall  be  considered  arceptahle.  if  one  (I) 
ot  more  cel  5 fcitl  during  retesting,  th.a  cell  lot  shaii  be  rejected  and  .new 
ceil  lot  of  299c  cells  shall  be  suba.itted  for  cell  lot  inspection. 

Idc^t  1 Q ier, iThment.  - In  order  to  replenish  the  tv/c.nty  (20)  ceils  con- 

cc'rr.d  L.y  ll  addicionai  I60"F  storage  testing,  twenty-three  (23)  cell.'  shall 
fa.j  fdbricri  d whe.n  necessary.  All  shall  be  subjected  to  cl  osed  ~c  i rce  i t 
voltege  ts5  (2  above).  Any  cell  that  fails  this  test  shell  be  replaced 
ty  a.-.e  that  has  passed.  Three  (3)  cell  samples  shall  be  ‘cieclcd  in  a 
rDn-Jam  menr.r  from  the  twenty-titree  (23)  cells  tna  t have  passed  the  clcsed- 
clri-ali:  -./'ji  age  test;.  These  three  (3)  cell  sanpits  shall  be  tested  in 
accordance  . i th  the  160“F  storage  test  (3  above).  So  failures  ere  permitted 
for  acr.cptci  ce  of  this  replenishment  lot  of  twenty  (20)  cel  Is.  If  one  or 
mere  valiut  s cccur,  the  lot  of  twenty  (20)  cells  shall  be  rejected  and  a 
nev;  lot  of  ..wenty-tbree  (23)  colls  shall  be  fabricated  and  three  (3)  shall 
be  '.csted.  'this  procedure  shall  be  repeated  until  no  failures  occur. 
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PREPARATiOH  FOR  DEIIVERY; 

Preservation  and  packaging:  Preservation  and  packaging  shall  be  In  accordance 

with  latest  Issue  of  basic  specification  except  that  no  intermediate  packag- 
ing shall  be  required  and  unit  packaging  shall  be  as  follows: 

A unit  package  shall  consist  of  one  battery  Individually  packaged  per 
method  IC-I  of  HIL-P-116.  Battery  shall  be  placed  In  a barrier  bag 
fabricated  of  material  conforming  to  L-P-378,  type  1,  grade  B,  finish  I, 
having  a uniform  thickness  of  k.010.5  ertls  with  a heat  sealed  closure* 

V.  The  begged  battery  shall  be  placed  In  a close-fitting  paperboard  box 
confoir.iing  to  PPP-B-566,  variety  2,  style  optional.  Closure  shall  be 
as  specified  in  the  appendix  to  the  epplicabla  box  specification. 
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EPECinCATIOH  SHEET 

BATTERY,  PBHVlKY,  LITHIUM  OBGAiaC  BA-5090/U 
e e requlrereents  for  procuring  the  llt.M\un  orpartic  primary  tott.*?ry 


type  dcscr  bed  herein  shall  consist  of  this  dccunent  and  the  Icsue  In  el’t'ect 
of  Specif  1 at  Ion  ;jCS-4$9«  ~ " 
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FIGURE 


Battery,  Primary,  Lithium  Orgaalo  BA-$090/u 
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NOTES; 

1,  All  (iimantiont  ore  In  Inches. 

2,  The  (Tioxlmum  radius  on  oil  corners  shall  be  1/8  Inch. 

3.  The  battery  cose  material  shall  be  cold  rolled  steely 

4.  The  battery  connectors  shell  be  mounted  In  occordonce  with  the  figure  end  sholl 
be  mlnlatuie  srKip“on  type  terminal  ANSI  XVII. 


REQtnREMEtrrs; 


scs 


Dl»#»n«ion«»  »nd  ccnfl:7Jr\tlon:  See  Figure 


^xlnun  Voltage:  9 volte 


Texv^nals:  Snap  on  type  (see  figure) 

Veight  (oiaxioua):  1.8  ounces  (50  gi'auu>) 


Capacity  tests;  When  the  battery, is  tested  in  accordance  vith  the 
jsethods  of  examination  and  tests  of  this  specification,  the  mlnlniia  capacity 
test  requirements  shall  be  as  specified  below. 


Capacity  Test  Service  Requirement 

(per  3C3  ^59)  in  hours 


I 

L 

B 
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55 

30 

50 

46 

26 

48 

48 


Voltage  delay;  During  the  initial  one  minute  of  discharge  of  the  battery 
discharge  tests  covered  by  this  specification,  transient  voltages  below  the 
6.0  volt  end  voltage  cannot  exceed  a 1 second  duration.  Subsequently,  during 
the  course  of  any  discharge  test,  anytime  the  voltage  falls  below  6 volts 
that  point  In  time  will  be  considered  to  be  the  end  of  service  and  the  test 
will  be  considered  to  be  terminated. 


First  article  Inspection: 

Visual 'mechanical  examination 

Battery  voltage 

Dimensions  and  weight 

Mechanical  Shock 

Vibration 

Altitude 

Insulation  resistance 

Safety  feature  test 

Jacket  integrity  test 

Capacity  tests  I,  L,  U,  HT  and  IT 

Call  lot  Inspection: 
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Altitude 

Inoulation  resistance 
Safety  feature  test 
Jacket  integrity  test 
Capacity  tests  , 

ICTHOD  OF  SXAMniATION  AND  TESTS; 

Capacity  tests: 

(1)  Storage:  Details  on  storage  conditions  for  all  specified  capa- 

city tests  are  described  in  basic  specification. 

(2)  Discharge:  *nie  battery  shedl  be  discharged  through  a 636  ohm 

resistance  to  a test  end  voltage  of  ((.q  volts. 

Closed  circuit  voltage:  Closed  circuit  shall  be  observed  for  a period  of 

thirty  (30)  seconds  with  a direct  current  voltmeter  of  proper  range  and 
sensitivity,  using  a load  resistance  of  60  ohms  and  a Binimum  permissible 
voltage  of  6.0  volts. 

Cell  Lot  Inspection; 

1.  Cell  Lot.  A cell  lot  shall  consist  of  a sufficient  amount  of  cells  of  a 
particular  type  which  are  to  be  used  in  the  fabrication  of  a specific  battery  lot 
plus  an  additional  thirty  cells  for  acceptance  tests.  Each  of  the  cell  lots 
shall  be  subjected  to  the  inspection  program  outlined  herein. 

2.  Closed-circuit  voltage  test.  All  the  cells  in  a cell  lot  shall  be  pulse 
tested  for  five  (5)  seconds  with  a 20  ohm  resistance  load.  Any  cell  whose 
voltage  falls  below  2 volts  during  the  5 second  pulse  period  shall  be  rejected 
for  use  in  battery  fabrication  or  further  cell  lot  testing. 

3.  160*F  Storage  test.  Frcm  a cell  lot  that  has  been  tested  for  closed- 
circuit  voltage  select  thirty  (30)  cells  either  in  random  manner  or  at 
preselected  Intervals,  whic)iever  the  Government  inspector  deems  more 
desirable.  The  thirty  (30)  cells  shall  b'»  stored  at  1&*F  +3*F  for  two  (2) 

-7*F 

weeks  and  then  at  -20*  ± 3*F  for  a minimum  of  six  (6)  hours.  Each  cell 
shall  be  dlocharged  through  the  equivalent  »,e:i  load  and  to  the  equlvolei.t 
cell  end  voltage  in  accordance  with  the  Initial  capacity  test  of  this 
specification  sheet. 

a.  If  all  thirty  (30)  cell  samples  exceed  the  minimum  capacity  service 
requirement  by  a factor  of  at  least  lO^t,  the  lot  may  be  used  for  fabrication 
of  a single  lot  of  batteries. 

Sheet  U of  5 
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BPECIPICATIOH  6HEKT 
MTTm,  PRIWm,  LITHIUM  OBOAHIC  BA- 

Itoe  coBiplele  reoulrementB  for  procuring  the  lithium  orpanle  primary  battery 
described  herein  shall  consist  of  this  document  and  the  laaue  In 
effect  of  Specification 


nOUKB 

Battery,  Priioary,  Llthlua  Orgaalc  BA-$8^/U 
Sheet  1 of  U 
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NOTES; 

1.  All  climensiom  ore  in  inchot.  Unloss  othervvisa  specified,  toleronces  ore  ^ l/l6". 

2.  Connector  type;  MS3I02A10SL4P,  monufoctured  by  Bendix. 

3.  Bottery  shall  be  potted  with  on  epoxy  compound  copoble  of  withstonding  tempero- 
tores  from  -65*C  to  75®C,  without  deforming. 

REQUIREMENTS; 

I 

Dimensions  and  configurotion;  See  Figure 
Maximum  Voltoge;  6 volts 
Terminals:  (See  Figure) 

Weight  (mozimum);  20.0  ounces  (568  groms) 

Capacity  tests;  When  the  battery  is  tested  in  accordance  with  the  methods  of  examina- 
tion ana  tests  of  this  specification,  the  minimum  capacity  test  requirements  shall  be  os 
specified  below. 


Capacity  Test  Service  Requirement 

(fi«L  SCS-459)  in  hours 

48 
24 

42 
40 
23 

43 
43 

* Voltage;  delay:  When  the  battery  is  subjected  to  the  copacity  tests  covered  by  this 
spccific'jtion,  initial  closed-circuit  voltages  below  the  4.0  volt  end  voltoge  connot 
exceed  a I.O  second  duration. 

First  article  Inspection: 

Visual-mechanical  exomlnotion 

Bottery  voltage 

Dimensions  ond  weight 

Mechanical  shock 

Vibration 

Altitude 

Insulation  resistance 
Safety  feature  test 
Jacket  integrity  test 

Capacity  tests  I,  L,  H,  HT  and  LT  2 
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HT 
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Quality  coafonzADca  Inspectloo: 

Visual  •mechanical  exaainatlOQ 
Battery  voltage 
Dlueoiilotut  and  velgbt 
Mechanical  shock 
Vibration 
Altitude 

Inculatlon  resistance 
Safety  feature  test 
Jacket  Integrity  test 
Capacity  testa 
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METHOD  0?  EXA)gNATIC«  AND  TESTS; 


Cai«icity  tests; 

(1)  Storage:  Details  on  storage  conditions  for  all  specified  capacity 

teats  are  described  in  basic  si>eclfication. 

(2)  Discharge;  TBie  battery  shall  be  discharged  at  350  bA  continuously 

to  a test  end  voltage  of  U.O  volts# 

Closed  circuit  voltage:  Closed  circuit  shall  be  obseirved  for  a period  of 

thirty  (iO)  seconds  with  a direct  cyrrent  voltmeter  of  proper  range  and 
sensitivity,  using  a load  resistance  of  11  ohms  and  a mlnlmuB  permissible 
voltage  of  U.O  volts. 


Cell  Lot  Inspection; 

1.  Cell  lx)t.  A cell  lot  shall  consist  of  a sufficient  amount  of  cells  of  a 
particular  type  which  are  to  be  used  In  the  fabrication  of  a specific  battery  lot 
pi.U6  an  additional  thirty  cells  for  acceptance  tests.  Each  of  the  coll  lots 
shall  be  subjected  to  the  Inspection  program  outlined  herein. 

2.  Closed  circuit  voltar.e  test.  All  the  cells  in  a cell  lot  shall  be 
pulse  tested  for  five  (^)  seconds  with  a 2.5  ohm  resistance  load.  Any 
cell  whose  voltage  falls  below  2 volts  during  the  5 second  pulse  period 
shall  be  rejected  for  use  in  battery  fabrication  or  further  cell  lot  oeuting. 

3.  l60*f  Storage  teat.  Froin  a cell  lot  that  has  been  tested  for  close**- 
circult  vol'-agL  select  thirty  (30)  cells  cither  in  random  manner  or  at 
preselected  intervals,  whichever  the  Government  inspector  deems  more 
desirable.  The  thirty  (30)  cells  shall  be  stored  at  I60*  +3*?  two  (2) 

-7*F 
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weeks  and  then  at  -20“F  for  a minimom  of  six  (6)  hours.  Each  cell  shall  be  dischorged 
through  ifio  equivalent  cell  load  and  to  the  equivolont  cell  or*d  voltage  in  accordance 
with  the  initial  capacity  test  of  this  specification  sheet. 

o.  If  oil  thirty  (30)  cell  samples  exceed  the  minimum  copocity  service  requirement 
by  a factor  of  at  leost  10%,  the  lot  may  beuusod  for  fabrication  of  o single  lot  of 
batteries. 

b.  If  there  are  two  (2)  or  more  failures  during  the  copocity  testing  of  the  thirty 
(30)  cell  samples  the  cell  lot  shall  be  rejected.  If  only  one  (1)  foilure  occurs, 
another  twenty  (20)  cell  lomplos  shall  be  selected  from  the  some  lot  and  this  same  1>  i 
test  shall  be  repeated.  If  no  failures  occur  during  retesting,  the  cell  lot  sholl  be  con- 
sidered occeptable.  If  one  (1)  or  more  cells  fail  during  retesting,  the  cell  lot  shall  bo 
rejected  and  new  cell  lot  shall  be  submitted  for  cell  lot  inspection. 

4.  Coll  replenishment.  In  order  to  replenish  the  twenty  (20)  cells  consumed  by  the 
additional  160°F  storoge  testing,  twenty-three  (23)  cells  shall  be  fabricated  when 
necessory.  All  shall  be  subjected  to  closed-circidt  voltoge  test  (2  above).  Any  cell 
that  fails  this  test  shall  be  roplocod  by  one  thot  has  possed.  Three  (3)  cell  samples 
shall  be  selected  in  a random  manner  from  the  twenty-three  (23)  colls  that  have  passed 
the  closed-circuit  voltage  test.  These  three  (3)  coll  samples  sholl  be  tested  in 
occordonce  with  the  160"F  storage  test  (3  above).  No  failures  are  permitted  for 
occepta  ice  of  this  replenishment  lot  of  twenty  (20)  cells.  If  one  or  more  failures 
occur,  the  lot  of  twenty  (20)  cells  shall  be  rejected  and  o new  lot  of  twenty-three 
(23)  cells  sholl  be  fabricated  and  three  (3)  shall  be  tested.  This  procedure  sholl  be 
repeated  until  no  failures  occur. 

PREPARATION  FOR  DELIVERY; 

Preservotion  and  packaging:  Preservation  and  packoging  shall  be  in  accordance  with 

latest  issue  of  basic  speVification  except  that  no  intermediate  pockaging  shall  be  re- 
quired and  unit  packaging  shall  be  os  follows; 

A uriit  package  shall  consist  of  one  battery  individually  packaged  per  Method 
1C-  1 of  MIL-P-1 16.  Battery  shall  be  placed  in  a barrier  bag  fobricoted  of 
matcriol  conforming  to  L-P-378,  type  1,  grade  B,  finish  1,  having  a uniform 
thickness  of  4.0  t 0.5  mils  with  o heot  sealed  closure.  The  bagged  battery 
shall  be  placed  in  a close-fitting  paperboard  box  conforming  to  PPP-B-566, 
voriety  2,  style  optional.  Closure  shall  be  as  specified  in  the  appendix  to  the 
applicable  box  specification. 
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BATrm,  FRIMAra,  UTHIUM  OPCAHIC  BA-5560/U 
The  complete  reculrementa  for  procuring  the  lithium  organic  primary  batte 
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HOTES 

1.  All  JlaeDSlons  and  toleraocea  abovn  oo  flgur«<  aura  Id  loebea. 

2.  Onl>  the  poaltlva  (♦)  MrklDg  la  required  to  be  abown  at  tbe  top  of 
tbo  battery  Jadtet. 

3.  Tbo  marking  "mSERT  THIS  EITD"  la  required  to  be  abcaoi  00  tbe  battez^ 
Jacket  at  the  poaltlve  ead,  I60*  tram  th  a S-^^9  marking  area,  with  an 
arrow  pointing  in  the  direction  of  inner. ‘ca. 

Ibe  battery  jacket  ahall  be  Bl-lspact  ABS  plaatie  co*  equal,  and  tbe  ' 
color  ahall  be  olive  drab  Ho.  2Uo67  of  Fn>-STX)'^9^. 


REQUTREKarrS! 

SlAenaicns  and  confi miration:  See  Figure 

Mmltmia  voltage:  12.0  volte 

Ter&lnala:  Rjat  aurface  (See  Figure  ) 

Velc^t  (maximum);  3 ouncea  (8$  grama) 

Capacit)  testa:  When  the  battery  la  tested  In  accordance  with  tbe  methods 
of  exAinl nation  and  testa  of  this  specification,  tbe  minimum  capacity-teat 
requlrsments  shall  be  as  specified  below. 


Capacity  Test  Servlee  Requirement 

(per  SCS-^«59)  in  Hours 
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HT 
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15 
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Voltage  delay:  When  tbe  battery  Is  subjected  to  tbe  capacity  tests 
specified  herein,  the  time  required  at  tie  beginning  of  discharge  for  tbe 
battery  to  reach  a voltage  of  9*0  volts  after  the  specified  load  Is  applied 
shall  not  be  more  than  1.0  second. 


Drop  test:  When  the  battery  is  tested  In  accordance  with  this  specification, 

tbe  socket  shall  not  move  beyond  tbe  limits  specified  herein  nor  shall 
tbe  couponents  shift  within  the  Jacket,  or  preclude  the  battery  from 
meeting  specified  "I"  capacity  test  performed  at  tbo  conclusion  of  the 
jacket  integrity  test. 
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First  Article  laopcctloa: 

VlBUfil-mechanlcal  examination 

Battery  voltage 

Blmei.alona  and  veigbt 

MccbtvalceJ.  shock 

Vibration 

Altitude 

Insulation  resistance 
Safety  feature  test 
• Drop  test 
jsektit  Integrity 

Capacity  tests  I,  L,  B,  HT  and  VS 

Cell  lot  inspection: 

Quality  conformance  inspection: 

Visual -Btecbanical  examination 

Battery  voltage 

PlmenBlons  and  weight 

MeclJinical  shock 

Vibration 

Altitude 

Insulation  resistance 
Safety  feature  test 
Drop  test 
Jacket  integrity 
Capi.city  testa 


METHODS  OF  EXAMIHATIOW  AND  TESTS: 


Capacity  tests: 

(1)  Storage:  Details  on  storage  conditions  for  all  capacity  tests 

are  specified  in  basic  specification. 

(2)  Discharge:  The  battery  shall  be  discharged  through  a resistance 

of  2^0  ohms  to  a test  end  voltage  of  9*0  volts. 

Closed  circuit  voltage:  Closed  circuit  voltage  measurenenta  shall  he 

observed  for  a period  of  30  seconds  with  a direct  current  voltmeter  of 
proper  range  and  sensitivity  (see  basic  specification),  using  load  re- 
sistances of  50  ohms  and  a mlnlmia  penslss'.ble  voltage  of  10  volts. 

Drop  test:  When  performed  during  First  Article  Inspection,  five  (5)  each 
Croup  lUB  test  samples  shall  be  subjected  to  this  drop  test  Just  prior 
•to  performing  the  Jacket  integrity  test  on  them.  When  performed  during 
Quality  Conformance  Inspection,  five  (3)  each  subgroup  Bg  test  satqples 
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|ust  priol  to  being  subjected  to  integrity  test  sboll  hove  this  drop  test  performed  upon 
them.  Euch  bottery  shall  be  dropped  three  times  from o height  of  36^2  inches  onto  a 
hord  surl  ice  consisting  of  concrete  or  steel,  ond  shall  make  contoct  with  it.  Eoch 
battery  shall  be  dropped  in  such  a monrser  that  the  bottery,  at  time  of  release,  shall 
be  in  each  of  three  different  positions  in  relation  to  the  surface  upon  which  it  Is 
dropped  in  the  following  manner: 

(1)  The  three  (3)  inch  side  of  the  battery  shall  be  parallel  to  this  surfoce  upon 
releose  ond  shall  moke  contoct  with  it. 

(2)  Tlie  three  (3)  inch  side  of  the  battery  shall  be  perpendiculor  to  this  surfoce 
upon  release  so  thot  the  positive  terminal  shall  moke  contoct  with  it. 

(3)  The  three  (3)  inch  side  of  the  battery  shall  be  perpendicular  to  this  surface 
upon  reh'ase,  so  that  the  negative  terminal  shall  make  contact  with  it. 

If  any  failure  occurs,  the  contractor  shall  take  immediate  oction  to  correct  the  defect 
and  eliminate  the  cause.  However,  pending  this  action,  quality  conformance  occep” 
tance  shall  be  withheld.  When  the  noture  of  the  failure  has  been  determined,  and 
the  necessary  corrective  action  taken,  the  rejected  lot  and  all  batteries  in  process  at 
the  time  of  the  failure  shall  be  reworked  to  eliminate  the  defect.  Reworked  lots 
shall  be  iffinspected  using  a sample  size  of  eight  (8)  batteries  with  no  failures  per~ 
mitted. 

% 

Cell  Cot  Inspection; 

1 . Cell  Lot.  A cell  lot  shall  consist  of  a sufficient  amount  of  cells  of  a particular 
type  wh'i  :b  ore  to  be  used  in  the  fabricotion  of  a specific  battery  lot  plus  an  oddi- 
tionol  th  rty  cells  for  occeptance  tests.  Each  of  the  cell  lots  shall  be  subjected  to 
the  inspection  program  outlined  herein. 

2.  Clos-  d-circuit  voltoge  test.  All  the  cells  in  a cell  lot  shall  be  pulse  tested  for 
five  (5)  seconds  with  a 10  ohm  resistonce  load.  Any  cell  whose  voltage  falls  below 
2 volts  during  the  5 second  pulse  period  shall  be  rejected  for  use  in  bottery  fobrico- 
tion  or  f.rther  cell  lot  testing. 

3.  i60*'F  Storoge  test.  From  a cell  lot  that  has  been  tested  for  closed-circuit  voltage 
select  thirty  (30)  cells  either  in  random  manner  or  ot  preselected  intervals,  whichever 
the  Government  inspector  deems  more  desirable.  The  thirty  (30)  cells  shall  be  stored 
at  160®  +3"F  for  two  (2)  weeks  ond  then  at  -20®F  i3®F  for  o minimum  of  six  (6)  hours. 
Each  \-7°FJ  cell  shall  be  discharged  through  the  equivolent  cell  load  and  to  the 
equivalent  call  end  voltage  in  accordance  with  the  initial  capacity  test  of  this 
specification  sheet. 

o.  If  all  thirty  (30)  cell  samples  exceed  the  minimum  coplclty  service  requirement 
by  a factor  of  at  least  10%,  the  lot  may  be  used  for  fobrication  of  a single  lot  of 
batteries. 


4 


I 


1 

[ 

( 

( 


1 


.1 


SCS-459/6 


b.  If  there  ore  tvi/o  (2)  or  more  fol lures  during  the  copocity  testing  of  the  thirty 
(30)  cell  somples  the  cell  lot  sholl  be  rejected.  If  only  one  (I)  foilure  occurs, 
another  twenty  (20)  cell  samples  shall  be  selected  from  the  some  lot  and  this  some 
test  shall  be  repeoted.  If  no  failures  occur  during  retesting,  the  cell  lot  shall  be 
consideied  occeptoble.  If  one  (I)  or  more  cells  foil  during  nesting,  the  cell  lot 
shall  be  rejected  ond  new  cell  lot  shall  be  submitted  for  cell  lot  inspection. 

4.  Cell  replenishment.  In  order  to  replenish  the  twenty  (20)  cells  consumed  by  the 
additionol  )60°F  storage  testing,  twenty-three  (23)  cells  shall  be  fabricated  wl^n 
necessary.  All  shall  be  subjected  to  closed-circuit  voltoge  test  (2  obove).  Any 
cell  thot  foils  this  test  shall  be  replaced  by  one  that  has  passed.  Three  (3)  cell 
samples  shall  be  selected  in  a random  manner  from  the  twenty-three  (23)  cells  that 
hove  passed  the  closed-circuit  voltage  test.  These  three  (3)  cell  samples  shall  be 
tested  in  accordance  with  the  IbO^F  storoge  test  (3  above).  No  failures  are  per- 
mitted for  acceptonce  of  this  replenishment  lot  of  twenty  (20)  cells.  If  one  or  more 
failures  occur,  the  lot  of  twenty  (20)  cells  shall  be  rejected  ond  a rsew  lot  of 
twenty-three  (23)  cells  sholl  be  fabricated  and  three  (3)  shall  be  tested.  This  pro- 
cedure sholl  be  repeated  until  no  failures  occur. 

PREPARATION  FOR  DELIVERY; 

Freserv  tion  and  packaging;  Preservation  and  packaging  shall  be  in  accordance  with 
latest  i.sue  of  basic  specification  except  that  no  intermediate  packoging  shall  be 
required  and  unit  packoging  shall  be  as  follows: 

A uriit  package  shall  consist  of  ten  (10)  batteries  each  individually  packoged  per 
Metliod  lC-1  of  MIL-B-116.  Each  battery  shall  be  placed  in  a borrier  bog  fabri- 
coted  of  material  conforming  to  L-P-378,  type  1,  grade  B,  finish  1,  having  a 
unif.>rm  thickness  of  4.0  ^ 0.5  mils  with  a heat  sealed  c losure.  The  bagged  bat- 
Iterlcs  shall  be  placed  in  a close-fitting  paperboard  box  conforming  to  PPP-B-636, 
typo  CF,  W6c,  or  W5c,  style  optional  or  MII-B-43014.  Cl.'jsure  shall  be  as 
specified  in  the  appendix  to  the  applicable  box  sp>ecification. 
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ELECTRONICS  COMMRNO  SCS-*«59/6 

TECHNICAL  REQUIREMENTS  Amendment  I 

25  July  1975 

SPECIFICATION  SHEET 

BATTERY,  PRIMARY,  LITHIUM  ORGANIC  BA-5568/U 

This  amendment  forms  part  of  Electronics  Command  Technical  Requirements 
Specification  Sheet  SCS  ^59/6  $ 20  November  197I+" 


page  2 


Maximum  Voltage.  Delete  12.0  volts  and  substitute  15.0  volts. 

Service  Requirement 
In  Hoars 


Delete 


17 

9 

15 

\k 

8 

15 

15 


Page  3 

D Ischa  r ..e : Delete  250  ohms  and  substitute  150  ohms;  delete  9.0  volts  and 

substit.te  10. 0 volts. 


Subst 1 tute 

12 

7 

10 

9 
6 
to 

10 


BC3-459/T 
20  November  1974 


aPBCmCATION  SJEET 

BAirm,  PRIMAKY,  UTHIUM  ORGABIC  BA-5574 


8C3-U59/7 


WOTES:  (Wg.  1) 

1.  An  dimensions  are  in  Inches. 

2,  Fill  end  of  sleeve  with  silicone  rubber.  Coimnerclal  product  imist^ba 
eousl  to  and  la ter changeable  with  silicone  rubber  sealant  Type  RTV-10* 

as  manufactured  by  Silicone  Products  Dept.  General  Electric  Co.  Waterford, 

St, 

3,.  Cement-Comnercial  Product  oust  be  equal  to  and  interchangeable  with 
epoxy-Araldites-502  as  mamfnctured  by  Clba  Products  Co. 


6C3-U59/7 


MAIL:  CELLULOSE  ACETATE  KmE/.TE, 
GRADE  H3,  PER  SPEC  L-P-3**9. 
DIMENSIONS  ARE  IN  INCHES. 
TOLERANCE  ON  FRACTIONS  ± l/32. 
0-RINa  M329561-5  IS  TO  BE 
lURNISHED  WITH  BACH  CAP. 


8C8-l»59/7 


sr?jip~s?rrs : 

PiBenalona  and  conflguratlont  See  Figure  a 


jlaxlnim  Voltage:  6 volts 

Temlnals  > (See  Figure) 

Vele^t  (maxlimm):  1.6$  ounces  (46  graics) 

Capacity  tests:  When  the  battery  Is  tested  In  accordance  vltb  the  Betbods 
of  examination  and  tests  of  this  specification,  the  mlnljaia  capacity  test 
re<i.ulreaents  shall  be  as  specified  belov. 

Capacity  Test  Service  Bequlrenent 

(ner  SCS-U39)  In  hours 

8 
k 

7.5 

6.5 

3.5 

7 
7 


I 

L 

B 

BT 

VS 

T 

D 


Voltage  delay:  When  the  battery  is  subjected  to  the  capacity  tests 
covered  by  this  specification,  initial  closed-circuit  voltages  belov  the 
4.0  volt  end  voltage  cannot  exceed  a 1.0  second  duration. 

First  article  inspection: 


Visual-mechanical  examination 

Battery  voltage 

Blmennions  and  weight 

Me''banlc«LL  shock 

Vloration 

Altitude 

Insulation  resistance 

Safety  feature  test 

Jacket  ‘.ntegrlty  test 

Capacity  tests  I,  L,  H,  BT  and  LT 

Cell  lot  inspection: 


5 


L 


8C3-i*59/7 


Quality  coaformance  inspectioa: 

Visual -mechanical  eoamlnatioa 

Battery  voltage 

BlmeDslooa  and  weight 

Mechanical  ohock 

Vlbra'^lon 

Altitude 

Insulation  resistance 
Safety  feature  test 
Jacket  Integrity  test 
' Capacity  tests 

...  METnOO  OF  EXAMIHATIOH  AWD  TESTS; 

Capacity  tests : 

(1)  Storage;  Details  on  storage  conditions  for  all  specified 

cajAclty  tests  are  described  in  basic  specification. 

(2)  Discharge:  Hae  battery  shall  be  discharged  through  a U7  ohm 

resistance  to  a test  end  voltage  of  4.0  volts. 


Closed  circuit  voltage:  Closed  circuit  shall  be  observed  for  a period  of 

thirty  (30)  seconds  vith  a direct  current  voltmeter  of  proper  range  and 
sensitivity,  using  a load  resistance  of  ^0  ohms  and  a minlnum  permissible 
voltage  of  4.0  volts. 


Cell  Lot  Inspection: 


1.  Ceil  lx)t.  A cell  lot  shall  consist  of  a sufficient  amount  of  cells  of  a 
particular  t>-pe  which  are  to  be  used  in  the  fabrication  of  a specific  battery  lot 
plus  an  additional  thirty  cella  for  acceptance  tests.  Each  of  the  ceil  lots 
shall  be  subjected  to  the  Inspection  program  Oitllned  herein. 


2.  Closed-circuit  voltap.e  test.  All  the  cello  In  a cell  lot  shall  be 
pulse  tested  for  live  seconds  with  a 2.0  olim  resistance  load.  Any 
cell  whose  voltage  falls  below  2 volts  during  the  5 second  pulse  period 
shall  be  rejected  for  use  In  battery  fabrication  or  further  cell  lot  testing. 


3.  Storage  test.  From  a cell  lot  that  has  been  tested  for  closed- 

circuit  voltage  select  thirty  (30)  cella  cither  in  random  manner  or  at 
preselected  Intejrvals,  whichever  the  Government  inspector  deems  more 
desirable.  The  thirty  (30)  cells  shall  be  stored  at  I60*  +3*F  tor  two  (2) 

-7*F 

weeks  and  then  at  -20*F  ±3*P  for  a mlnlnrim  o^  six  (6)  hours.  Each  cell 
shall  be  discharged  through  the  equlvalet»c  cell  load  and  to  the  equivalent 
cell  end  voltage  in  accordance  with  the  initial  capacity  test  of  this 
specification  sheet. 


5Cs-4i;y/7 


a.  If  oil  thirty  (30)  cell  su(nples  exceed  the  minimum  capacity  service  requirement 
by  o factor  of  ot  least  10%,  the  lot  moy  be  used  for  fabricotion  of  a single  lot  of 
batteries. 

b.  If  there  are  two  (2)  or  more  failures  during  the  copacity  testing  of  the  thirty  (30) 
cell  samples  the  cell  lot  shall  be  rejected.  If  only  one  (I)  foilure  occurs,  another 

||  twenty  (20)  cell  samples  shall  be  selected  from  the  some  lot  ond  this  some  test  shall  be 

repeated.  If  no  failures  occur  during  retesting,  the  cell  lot  shall  be  considered 
acceptoble.  If  one  (1)  or  more  cells  foil  during  retesting,  the  cell  lot  shall  be  rejected 
and  new  cell  lot  sholl  be  submitted  for  cell  lot  inspection. 

4.  Cell  replenishment.  In  order  to  replenish  the  twenty  (20)  cells  consumed  by  the 
odditionol  160°F  storoge  testing,  twenty-three  (23)  cells  shall  be  fabricated  when 
necessary.  All  sholl  be  subjected  to  closed-circuit  voltage  test  (2  above).  Any  cell 
that  fails  this  test  shall  be  replaced  by  one  that  has  passed.  Three  (3)  cell  samples 
shall  be  selected  in  a random  manner  from  the  twenty-three  (23)  cells  thot  have  passed 
the  closed-circuit  voltage- test.  These  three  (3)  cell  somples  shall  be  tested  in  accord- 
ance with  the  160®F  storage  test  (3  above).  No  failures  are  permitted  for  acceptance 
of  this  replenishment  lot  of  twenty  (20)  colls.  If  one  or  more  failures  occur,  the  lot  of 
twenty  (20)  cells  shall  be  rejected  and  a new  lot  of  twenty-three  (23)  colls  sholl  be 
fabricated  and  three  (3)  shall  be  tested.  This  procedure  shall  be  repeoted  until  no 
failures  occur. 

PREPARATION  FOR  DELIVERY; 

Preservation  and  pockoging:  Preservation  and  packaging  shall  bo  in  accordance  with 

latest  issue  of  basic  specification  except  that  no  intermediate  packaging  shall  be 
required  and  unit  packaging  shall  be  as  follows: 

A unit  package  shall  consist  of  ten  (10)  botterios  each  individually  packaged 
per  Method  lC-1  of  MIL-B-116.  Eoch  battery  shall  be  placed  in  a barrier  bag 
fabricated  of  material  conforming  to  L-P-378,  type  1 grade  B,  finish  1,  hoving 
a uniform  thickness  of  4.0  i 0.5  mils  with  a heat  sealed  closure.  The  bogged 
batteries  shall  bo  placed  in  a close-fitting  paperboard  box  conforming  to  PPP-B-566, 
vqriety  2,  style  optional.  Closure  shall  be  as  specified  in  the  pppendix  to  the 
opplicoble  box  specification. 
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20  Novomb«r  1974 


BPECU'ICATION  SlUii-T 

BATTERY,  PRIMARY,  LITHIUM  ORGAMIC  BA-56^l/U 


FIGURE 

Battery,  Primary,  Lithium  Organic  BA"!>^i^l/U 


SCS-459/8 


NOTES; 

1.  All  dimeniiom  or®  in  inchei.  Union  otherwii®  ipociflod,  tol®ronc®»  ore  ± 1/64". 

2.  TorminoU  shall  be  covered  with  silicone  rubber.  Commerclol  product  must  be  equal 
fo  and  Interchangeable  with  silicone  rubber  sealant  Typo  RTV-102  as  manufactured  by 
Silicone  Products  Dept.,  Gonerol  Electric  Co.,  Waterford,  NY.  Terminal  markings 

(+  and  -)  shall  be  placed  on  battery  as  indicotod  In  figure. 

3.  Battery  shall  bo  potted  with  an  epoxy  compound  copoble  of  withstanding  tomperoturei 
from  -65®C  to  75“C,  without  deforming. 

REQUIREMENTS; 

Dimensions  and  canfigurotion;  See  Figure 
Maximum  Voltage;  18.0  volts 
Terminals:  (See  Figure) 


Weight  (maximum):  10  ounces  (284  grams) 


Copocity  tests:  When  the  battery  is  tested  in  accordance  with  the  methods  of  examina- 
tion and  tests  of  this  specification,  the  minimum  capacity  test  requirements  shall  be  as 
specified  below . 

Capacity  Test  Service  Requirement 

(esl  SCS-459)  in  hours 


I 

L 

H 

HT 

LT 

T 

D 


44 

22 

41 

36 

23 

39 

39 


Voltoge  delay:  When  the  battery  is  subjected  to  the  capacity  tests  covered  by  this 
specification,  initial  closed-circuit  voltage  below  the  10.8  volts  end  voltage  connot 
exceed  a 1 .0  second  durotion. 


First  article  Inspection: 

Visual-mechanical  examination 
Battery  voltage 
Dimensions  ond  weight 
Mechanical  shock 
> . . Vibration 
Altitude 

Insulation  resistonce 

Safety  feature  test 

docket  integrity  tost 

Capacity  tests  I,  L,  H,  HT  and  LT 


\ 


Cell  lot  Inepectlon: 


Quality  coaformance  inapectioo: 

Vlaual-mechanical  exkaination 

Battery  voltage 

Dlaeosions  and  weight 

Mecbaoical  shock 

Vibration 

Altitude 

ZasulatlOD  resistance 
Safety  feature  test 
^ Jacket  integrity  tost 

Capacity  tests 

MgTHOD  0?  KXAMIWATI(»  AND  TB3T3! 

Capacity  teats: 

(1)  Storage;  Details  on  storage  conditions  for  all  specified  capacity 

tests  ore  described  in  basic  specification. 

(2)  Discharge:  The  battery  shall  be  discharged  through  a 210  oha 

resistance  to  a test  end  voltage  of  10.8  volts. 

ClosM  circuit  voltage;  Closed  circuit  shall  be  observed  for  a period  of 
thirty  (30)  seconds  with  a direct  current  voltmeter  of  proper  range  and 
j sensitivity,  using  a load  resistance  of  24  ohms  and  a silnlJBum  i>exttis- 

sible  voltage  of  12.0  volts. 

Cell  Ixat  Inspection; 

1 fell  lx)t.  A cell  lot  shall  (‘ijnslct  of  a sufl'lclent  amount  «>f  rolls  ‘ s 
,'tri  irulnr  t.vpo  wlilrh  are  to  bo  used  in  the  rabrlcatlon  of  a Bpecir'r  I'm-  • *y  lot 
t I’K,  an  additional  thirty  cello  for  acceptance  teste,  Rach  of  the  cell  loi 
r.iull  be  ovib.Jected  to  the  lmp»-ctlMn  j)rogram  outMn-rd  herein. 

2.  Cloaed-clrcuit  voltage  teat.  All  the  cells  in  a cell  lot  shall  be 
pulae  tested  for  five  (|>)  aoconds  with  a 8.0  ohm  resistance  load.  Any  cell 
whose  voltage  falls  below  2 volts  during  the  ^ second  pulse  period  shall 

be  rejected  for  use  in  battery  fabrication  or  further  cell  lot  testing. 

3.  160*F  Storage  test.  From  a cell  lot  that  has  been  tested  for  closed - 
circuit  voltage  select  thirty  (30)  cella  either  In  random  manner  or  at 

1 preselected  intervals,  whichever  the  Government  Inapector  deems  more 

desirable.  The  thirty  (30)  cella  a hall  be  stored  at  I60*  +3*V  ^or  two  (2) 

-7*r 
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weeks  and  then  ot  -20*  4:3"F  for  o minimum  of  six  (6)  hours.  Eoch  cell  shall  be  dis- 
charged through  the  equlvolent  cell  load  and  to  the  equivalent  cell  end  voltoge  In 
occordonce  with  the  Initial  copocity  test  of  this  specification  sheet. 

a.  If  all  thirty  (30)  cellssomples  exceed  the  minimum  capacity  service  requirement 
by  a factor  of  at  least  10%,  the  lot  n>oy  be  used  far  fabrication  of  o tingle  lot  of 
batteries. 

b.  If  there  ore  two  (2)  or  more  failures  during  the  copocity  testing  of  the  thirty  (30) 
cell  samples  the  cell  lot  shall  be  rejected.  If  only  one  (1)  failure  occurs,  another 
twenty  (20)  coll  samples  tholl  be  selected  from  the  some  lot  ond  this  same  test  shall  be 
repeated.  If  no  failures  occur  during  retesting,  the  cell  lot  sholl  be  considered  accept- 
able. If  one  (1)  or  more  cells  foil  during  retesting,  the  cell  lot  sholl  bo  rejected  and 
new  cell  lot  shall  be  submitted  for  cell  lot  inspection. 

4.  Coll  roplenlshrrwnt.  In  order  to  replenish  the  twenty  (20)  cells  consumed  by  the 
additional  I60'’F  storage  testing,  twenty-three  (23)  colls  shall  be  fobricated  when  neces- 
sary. All  shall  bo  subjected  to  closed-circuit  voltage  tost  (2  above).  Any  coll  thot 
fails  this  test  shall  be  replaced  by  one  that  has  passed.  Three  (3)  cell  samples  shall  be 
selected  in  a rondom  manner  from  the  twenty-three  (23)  cells  that  have  passed  the  closed- 
circuit  voltage  tost.  Those  three  (3)  cell  samples  shall  bo  tested  in  accordance  with  the 
160“F  storage  tost  (3  above).  No  foiluros  ore  permitted  for  occeptonce  of  this  replenish- 
ment lot  of  twenty  (20)  cells.  If  one  or  more  failures  occur,  the  lot  of  twenty  (20)  colls 
shall  be  rejected  and  a now  lot  of  twenty-three  (23)  colls  shall  be  fabricated  ond  three 
(3)  shall  bo  tested.  This  procedure  shall  be  repeated  until  no  follures  occur. 

PREPARATION  FOR  DELIVERY: 

Preservation  and  packoging:  Preservation  and  packoging  shall  be  in  accordance  with 

latest  issue  of  basic  specification  except  that  no  intermediate  packaging  shall  be  required 
and  unit  packaging  shall  be  as  follows: 

A unit  package  shall  consist  of  five  (5)  batteries  each  individually  pockoged  per 
Method  lC-1  of  MIL-P-116.  Each  battery  shall  bo  placed  in  a barrier  bog 
fabricated  of  motorial  conforming  to  L-P-378,  type  1,  grade  B,  finish  1,  having 
a uniform  thickness  of  4.0  ± 0.5  mils  with  a heat  sealed  closure.  The  bagged 
batteries  sholl  be  placed  In  a close-fitting  paperboard  box  conforming  to 
PPP-B-566,  variety  2,  style  optional.  Closure  shall  be  as  specified  in  the  appendix 
to  the  opplicable  box  specification. 
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ELECTRONICS  COMMAND 
TECHNICAL  REQUIREMENTS 


SCS-'iSS/B 
Amendment  I 
25  July  1975 


SPECIFICATION  SHEET 

BATTERY,  PRIFARY  LITHIUM  ORGANIC  BA-584I/U 

This  amendment  forms  port  of  Electronics  Command  Technical 
Specification  Sheet  SCS  459/8  , 20  November  1974. 

Page  2 

Service  Requirement 
In  Hours 


Delete  Subst I tute 


44 

15 

22 

8 

41 

13 

36 

12 

23 

7 

39 

13 

39 

13 
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Discharge;  Delete  210  oivns , stbstltute  135  ohms;  delete 
substitute  I3«2  volts. 


Requirements 


10.8  volts, 


BC3-U59/9 

20  Novamber  1974 


SPECinCATIOS  SHEET 

BATTERT,  PRIMARY,  LITHIUM  OROANIC  BA-^IOO/U 


The  ccaBpVt.'to  rcqalrementa  for  -procurinff  tl.j  lithium  organic  primary  battery 
type  described  herein  shall  consist  of  thlo  document  and  the  Issue  In  effect 
of  Specification  SCS-U39» 


MM 

0.38 

0.79 

I . 

15.88 

38.10 

58.74 


flOURB 

Battery,  Priaary,  Litbiua  Orgeaio  BA-$100/0 
Sheet  1 of  5 
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1 


i 

J 
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REQUIREMENTS: 

Dimensions  and  configuration:  See  Figure 

Maximum  voltoga:  6.0  volts  ( 

Ttrmlnals:  Flat  surface  (Sea  Figura) 

Weight  (maxlrhum)t  3 ounces  (65  grams) 

''  Capacity  tests:  When  bottery  Is  tested  in  accordance  with  the  methods  of  examination 
and  tests  of  this  specification,  the  minimum  capacity  test  requirements  shall  be  as 
specified  below. 

Capacity  Test  Service  Requirement 

iE£L  SCS-459)  In  hours 

40 

2) 

37 

34 
19 

35 

36 


L 

H 

HT 

LT 

T 
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Voltage  delay:  When  the  battery  Is  subjected  to  the  capacity  tests  covered  by  this 
specification,  initial  closed-circuit  voltogcs  below  the  4.5  volt  end  voltoge  cannot 
exceed  a 1.0  second  duration. 


First  article  inspection: 

Visual-mechonicol  exomination 

Battery  voltoge 

Dimensions  and  weight 

Mechonicol  shock 

Vibration 

Altitude 

Insulation  resistonce 

Safety  feature  test 

Jacket  Integrity  test 

Copocity  tests,  I,  L,  H,  HT  and  LT 


Cell  lot  inspection: 


i 


i 
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Quality  conforoance  Inapectlon: 

Vlsual-mecbaDlcai  exaoilDatlon 

Battery  voltage 

Binerslonr  and  weight 

Mechaolcal  shock 

Vibration 

Altitude 

Insulation  resistance 
Safety  feature  test 
Jacket  integrity  test 
Capacity  tests 

METHOD  OP  EXAMINAnON  AND  TESTS; 


Capauiity  tests: 

(l)  Storage:  Details  on  storage  conditions  ,'or  all  specified 

capacity  tests  are  described  in  basic  specification. 


(2)  Discharge:  The  battery  shall  be  discharged  through  a 60  dbm 

resistance  to  a test  end  voltage  of  volts. 

Closed  circuit  voltage:  Closed  circuit  shall  be  observed  for  a period  of 

thirty  (30)  seconds  with  a direct  current  voltmeter  of  proper  range  and 
sensitivity,  using  a load  resistance  of  10.0  ohas  and  a alnimun  pemis> 

Bible  voltage  of  5*0  volts. 

Cell  Lot  Inspection: 

1.  Cell  Lot.  A cell  lot  shall  consist  of  a nufflclent  amount  of  cells  of  a 
particular  type  which  are  to  bo  used  in  the  fabrication  of  a specific  battery  lot 
plus  an  additional  thirty  cells  for  acceptance  tests.  Each  of  the  ceil  lots 
shall  be  subjected  to  the  inspection  program  outlined  herein. 

2.  Closed-circuit  voltage  test.  All  the  cells  in  a cell  lot  shall  be 
pulse  tested  for  live  (5J  seconds  with  o 5.0  ohm  resistance  load.  Any 
cell  whose  voltage  falls  below  2.5  volts  dvirlng  the  5 second  pulse  period 
shall  be  rejected  for  use  in  battery  fabrication  or  further  cell  lot  testing. 


3.  160*F  Storage  test.  From  a cell  lot  that  has  been  tested  for  clOi.cd- 

clrcult  voltage  select  thirty  (30)  cello  cither  in  random  manner  or  at 
preselected  intervals,  whichever  the  Government  inspector  deems  more 
desirable.  The  thirty  (30)  cells  sliall  br  ;_tored  at  160*  +3*F  for  two  <2i 

-7*F 


weeks  and  then  at  -20*  ±3*?“  for  ^ minimum  of  six  (6)  hours.  Each  cell 
shall  be  discharged  through  the  equivalent  cell  load  and  to  the  equivalent 
cell  end  voltage  in  accordance  with  the  initial  capacity  test  of  this 
specification  sheet. 
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o.  If  all  thirty  (30)  cell  samples  exceed  the  minimum  capacity  service  retirement 
by  a factor  of  at  leost  10%,  the  lot  may  be  used  for  fabrication  of  a single  lot  of 
batteries. 

b.  If  there  are  two  (2)  or  more  failures  during  the  capacity  testing  of  tho  thirty 
^ (30)  cell  samples  the  cell  lot  shall  be  rejected.  Ifonly  one  (I)  foilure  occurs, 
another  twenty  (20)  cell  samples  shall  be  selected  from  the  same  lot  ond  this  lomo 
test  shall  be  repeoted.  If  na  failures  occur  during  retesting,  the  cell  bt  sholl  bo 
considered  acceptable.  If  one  (I)  or  more  ceils  foil  during  retesting,  tho  cell  bt 
shall  be  rejected  and  new  cells  shall  be  submitted  for  cell  bt  inspection* 

4.  Cell  replenishment.  In  order  to  replenish  the  twenty  (20)  cells  consumed  by  the 
oddltlonol  160  F storage  testing,  twentythree  (23)  cells  shall  be  fobricoted  when 
necessary.  All  shall  be  subjected  to  closed-circuit  voltage  test  (2  above).  Any 
cell  that  fails  this  test  shall  be  replaced  by  one  that  has  passed.  Three  (3)  cell 
somples  shall  be  selected  in  o random  manner  from  the  twenty-three  (23)  cells  that 
have  possed  the  closed-circuit  voltage  test.  These  three  (3)  cell  samples  sholl  be 
tested  in  accordance  with  the  160*F  storage  test  (3  above).  No  failures  ore  permitted 
for  acceptance  of  this  replenishment  lot  of  twenty  (20)  cells.  If  one  or  more  foilures 
occur,  the  lot  of  twenty  (20)  cells  shall  be  rejected  and  a new  bt  of  twenty-three  (23) 
cells  shall  be  fabricated  and  three  (3)  shall  be  tested.  This  procedure  shall  be  repeated 
until  no  failures  occur. 

PREPARATION  FOR  DELIVERY! 

Preservation  and  pockoging;  Preservation  and  packaging  shall  be  In  accordance  with 
latest  issue  of  basic  specification  except  that  no  intermediate  packaging  shall  be  re- 
quired and  unit  packaging  shall  be  as  follows: 

A ir.ii  packoge  shall  consist  of  ten  (10)  batteries  individually  packaged  per 
Method  IC-1  of  MIL-P-116.  Each  battery  shall  be  placed  In  a barrier  bog 
iobiicated  of  material  conforming  to  L-P-378,  type  1,  grade  B,  finish  1, 
having  a uniform  thickness  of  4.0  A 0.5  mils  with  a head  seoled  closure.  The 
bugged  botteries  sholl  be  placed  In  a close-fitting  paperboard  box  conforming 
to  PPP-B-566,  variety  2,  style  opKonal.  Closure  shall  b4  os  specified  in  the 
oppendix  ta  the  applicoble  box  specification. 
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REftUIREt<ntTS; 

DlAen*loDB  and  coofiguration:  See  Figure 

Maxlmuc  Voltage  { 3 volte 

Temlnala:  (3ee  Figure) 

Weight  (oaxiauB):  0.7  ouncee  (20  gram) 

Capacity  teatei  When  the  battery  le  tested  Id  accordance  with  the  methods 
of  examination  and  tests  of  this  speciflcationi  the  minimum  capacity  test 
redulrements  shall  be  as  specified  belcv. 

Capacity  Test  Service  Requirement 

(£er_SCSji^  in  Hours 

I 
L 
H 
HT 
W 
T 
D 

Voltage  delay:  When  the  battery  is  subjected  to  the  capacity  tests  covered  by 

this  epeclfication,  Initial  closed-circuit  voltages  belov  the  2.0  volt  end 
voltage  cannot  exceed  a 1.0  second  duration. 

First  article  Inspection; 

Visual-mechanical  examination 

Battery  voltage 

Dimensions  and  weight 

Mechanical  shock 

Vibration 

Altitude 

Insulation  resistance 

Safety  feature  test 

Jacket  Integrity  test 

Capacity  tests  I,  L,  H,  KT  and  LT 

Cell  lot  inspection: 


20 

12 

18 

17 

10 

17 

16 
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Quality  confornaDce  laspectioni 

Vltu«l>mechanical  examination 

Battery  voltage 

Dlmenslona  and  weight 

MachanlcaX  ahocX 

Vibration 

Altitude 

Inaulatlon  realatanof 
Saifety  feature  teat  . 

Jacket  Integrity  teat 
Capacity  teeta 

MBTHOD  OF  EXAMTHATIOB  jUID  TESTS; 

Capacity  testa t 

(l)  Storage t Details  on  storage  conditions  for  all  specified 

capacity  tests  are  described  in  basic  specification. 

(£)  Dlsoharget  Tb0  battery  shall  be  discharged  through  a 50  oha 

resistance  to  a test  end  voltage  of  2.0  volts. 

Closed  circuit  voltaget  Closed  circuit  shall  be  observed  for  a period  of 
thirty  (3D)  seconds  with  a direct  current  voltaeter  of  proper  range  and 
sensitivity,  using  a load  resistance  of  10  ohas  and  a ainiaua  peralsslble 
voltage  of  2.0  volts. 

Cell  lot  inspection: 

1.  Cell  lot.  A cell  lot  shall  consist  of  a sufficient  aaount  of  cells  of 

a particular  type  which  are  to  be  used  in  the  fabrication  of  a specific  bat- 
tery lot  plus  an  additional  thirty  cells  for  acceptance  teste.  Each  of  the 
cell  lot  shall  be  subjected  to  the  inspection  program  outlined  herein. 

2.  Closed-circuit  voltage  test.  All  the  cells  in  a cell  lot  shall  be  pulse 
tested  for  five  (5)  seconds  with  a 10  ohm  resistance  load.  Any  cell  whose 
voltage  falls  below  2 volts  during  the  5 second  pulse  period  shall  be  rejected 
for  use  in  battery  fabrication  or  further  cell  lot  testing. 

3.  160*F  Storage  test.  From  a cell  lot  that  has  been  tested  for  closed- 
circuit  voltage  select  thirty  (30)  cells  either  in  randan  manner  or  at  pre- 
selected in  ervals,  whichever  the  Government  Inspector  deems  more  desirable. 
The  thirty  (30)  cells  shall  be  stored  at  160*F  +3*F  for  two  (2)  weeks  and 

-7*P 

then  at  •20*'  ^ '*P  fc>r  a minirnmn  of  six  (6)  hoars.  Each  cell  shall  be  d.s* 
charged  through  the  equivalent  cell  load  and  to  the  equivalent  cell  end 
voltage  in  accordance  with  the  initial  capacity  test  of  this  specification 
sheet. 

a.  If  all  thirty  (30)  cell  samples  exceed  the  minimum  capacity  service 
requirement  by  a factor  of  at  least  10^,  the  lot  may  be  used  for  fabrication 
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of  a single  lot  of  batteries. 

b.  If  there  ore  two  (2)  or  more  failures  during  the  capacity  testing  of  the  thirty  (30) 
cell  samples  the  cell  lot  shall  be  rejected.  If  only  one  (1)  foilure  occurs,  another 
twenty  (20)  cell  samples  shall  be  selected  from  the  same  lot  and  this  some  test  shall  be 
repeated.  If  no  failures  occur  during  retesting,  the  cell  lot  sholl  be  considered 
acceptable.  If  one  (1)  or  more  cells  fall  during  retesting,  the  cell  lot  sholl  be  re- 
jected and  new  cell  lot  shall  be  submitted  for  cell  lot  inspection. 

4.  Cell  replenishment.  In  order  to  replenish  the  twenty  (20)  cells  consumed  by  the 
odditional  160”F  storage  testing,  twenty-three  (23)  cells  shall  be  fobrlcoted  when 
necessary.  All  shall  be  subjected  to  closed-circuit  voltage  test  (2  above).  Any  cell 
that  fails  this  test  shall  be  replaced  by  one  that  has  passed.  Three  (3)  cell  samples 
shall  be  selected  in  o rondom  amnner  from  the  twenty-three  (23)  cells  that  have  passed 
the  closed-circuit  voltage  test.  These  three  (3)  cell  samples  shall  be  tested  in  accord- 
ance with  the  160°F  storage  test  (3  above).  No  failures  are  permitted  for  acceptonce 
of  this  replenishment  lot  of  twenty  (20)  cells.  If  one  or  more  failures  occur,  the  lot 
of  twenty  (20)  cells  shall  be  rejected  and  a new  lot  of  twenty-three  (23)  cells  shall  be 
fabricated  and  three  (3)  shall  be  tested.  This  procedure  shall  be  repeated  until  no 
failures  occur. 

PREPARATION  FOR  DELIVERY: 

Preservation  ond  pockaging:  Preservation  and  packogina  shall  be  in  accordance  with 
latest  issue  of  basic  specification  except  that  no  intermediote  pockoging  shall  be 
required  and  unit  packaging  shall  be  as  follows: 

A unit  packoge  shall  consist  of  twenty  (20)  batteries  individually  packaged  per  Method 
VC-1  of  MIL-P-1 16.  Each  battery  sholl  be  placed  in  a borrier  bog  fobricated  of  material 
conforming  to  L-P-378,  typ>e  1,  grade  B,  finish  1,  having  a uniform  thickness  of 
4.0  ± 0.5  mils  with  a heat  sealed  closure . The  bagged  batteries  shall  be  placed  in  a 
close-fitting  paperboard  box  conforming  to  PPP-B-566,  variety  2,  style  optional. 

Closure  shall  be  as  specified  in  the  appendix  to  the  applicable  box  specification. 
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BATTERY 


NOTES ; 


!•  All  dimensions  *re  In  Inches. 

2.  Unless  otherwise  specified,  all  tolerances  are  iO.005  Inch  for  decimals. 

3*  Tolerances  of  length,  width  and  height  of  battery  are  t l/l6  Inch  for 
fractions. 

The  minimum  depth  of  socket  well  shall  be  1/2  Inch. 

5«  The  size  of  the  insulating  plate  is  optional. 

6>  Socket  Insert  contact  not  required. 

7.  PIn-cIrcle  center. 

8.  "D"  hole  for  plug  positioning. 

Five  holes  to  fit  1/8  in.  pins,  7/18  Inch  in  length. 

10.  Socket  must  float  3/32  directions  from  the  specified  pin 

circle  center  location  In  the  plane  of  the  socket  from  reference  dimension. 

11.  The  printed  socket  facsimile  may  be  Included  adjacent  to  the  socket,  on 
the  socket  side  of  the  battery,  In  lieu  of  terminal  markings  s8own  In  the 
top  view  of  Fig.  I.  The  facsimile  shall  be  permanent,  legible,  include  out- 
line of  socket,  terminal  Ident If  lea t Ion  shown  In  aforement ioned  top  view  and 
meet  general  battery  marking  requirements  covered  or  referenced  heroin. 

12.  On  all  four  (4)  sides  of  the  battery  "LITHIUM  BATTERY"  shall  be  printed 
In  1/2  inch  (approx.)  bold  lusterless  green  lettering  (same  as  jacket  color) 
on  a black  background  extending  a distance  of  2.0  inches  from  end  of  battery 

13.  The  socket  shall  be  supported  and  mounted  so  that  the  top  surface  of 
the  socket  shall  not  protrude  above  the  adjacent  ouside  surface  of  the 
jacket  and  shall  not  be  more  than  1/16  Inch  below  adjacent  outside  surface 
of  the  jacket  when  used  Initially,  during,  and  alter  subsequent  insertions 
of  the  mating  plug  during  contractual  testing. 
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• Dimensions  and  configuration:  See  Figure  

A,  Unit  A2  Unit 

I 

Nomina)  voltage:  3«.0  volts,  14.4  volts 

Haximum  voltages: 

Open  circuit 
Closed  circuit 

* Under  a load  of  6.7^  ohms 

Terminals:  Five  (5)  hole  socket  type  with  no  obstruction  of  any  holes 

(See  Figure  ) 

Weight ; (maximum) : l.jlpounds 


3.0  volts  * 


1$,0  volts 


Capacity  tests:  When  the  battery  Is  tested  In  accordance  with  the  methods 

of  examination  and  tests  of  this  specification,  the  minimum  capacity-test 
requirements  shall  be  as  specified  below. 

* 

Capacity  Test  Service  Requirement 

, (per  SCS  4^9)  In  hours 


I 

L 

H 

Hi 

LT 

T 

D 


50 

35 

50 

45 

30 

45 

45 


Initial  voltage  delay:  When  the  battery  Is  subjected  to  the  capacity  tests 

specified  herein,  the  time  required  at  the  beginning  of  discharge  for  the 
battery  to  reach  a voltage  of  100  volts  after  the  specified  load  is 
applied  shall  not  be  more  than  0-5  seconds. 


Drop  test:  When  the  battery  Is  tested  in  accordance  with  this  specification, 

the  socket  shall  not  move  beyond  the  limits  specified  herein  nor  shall  the 
components  shift  within  the  Jacket,  or  preclude  the  battery  from  meeting 
specified  "X"  capacity  test  perfon.cd  at  the  conclusion  of  the  jacket 
Integrity  test. 
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A 


Flrat  article  Inspactloni  . 

/ 

Vioual-Kechanical  er.ajrdnation 
Battery  voltaf.o 
Bimensiono  and  weight 
Mechanical  shock 
Vibration 

Altitude  ^ '• 

Insulation  resistance 

Safety  feature  test 

Drop  teat 

Jacket  Integrity 

t.  Capacity  tests  I,  L|  RT  and  LT 

Cell  lot  Inspection: 

Quality  conformance  iiJtpeotiont 

Vleual-m«chanJ.cal  examination 
Battory  voltage  ^ 

Dimensions  and  weight  f 

' Mechanical  shock 

Vibration  * 

Altitude 

Insulation  resistance 

Safety  feature  test 

Dror  t*!St 

Jacket  Integrity 

Capacity  tests  HT,  LT,  T and  D 


METHODS  0?  AMD  TESTS: 

Capacity  tests: 

(1)  Storage:  Details  on  storage  conditions  for  all  capacity  tests 

are  specified  in  basic  specification. 

(2)  Discharge:  The  Ap  unit  (-A^-A2  shall  be  discharged  tlirough 

a resiotanco  of  1U.2  oh.'.i3"for  2 rdnutos,  and  then 
through  Q resistance  of  291.0  ohns  for  18  ninutes. 

This  cycle  shall  be  repeated  continuously  to  a test 
end  voltage  of  10.0  volts. 


• SCS-li59A2 


Closed  circuit  voltage:  Closed  circuit  voltogu  measurements  shall  be 

made  with  a direct  current  voltmeter  of  proper  range  and  sens  1 1 i v i t/ 
(see  basic  specification),  using  load  resistances  as  shown  in  the 
^1  lowing  table: 


UNIT 

RESISTANCE 

. MINIMUM 

PERMISSIBLE  VOLTAGE 

*1 

6.5  ohms,  t 1% 

2.60  vol ts 

^2 

Ji*.2  olws,  4 1% 

12.5  volts 

Voltago  shall  be  above  "HINIMUH  PERMISSIBLE  VOLTAGE" 
within  thirty  (30)  seconds  after  load  Is  applied. 


> * 

Drop  test:  When  performed  during  First  Article  Inspection,  five  (5)  each 

Group  NIB  test  samples  shall  be  subjected  to  this  drop  test  just  prior 
to  performing  the  jacket  Integrity  test  on  them.  V/hen  performed  dur’ng 
Quality  Conformance  Inspecticn,  ^Ive  (S)  each  subgroup  82  test  samples 
just  prior  to  being  subjected  to  Integrity  test  shall  have  this  drop  test 
- performed  upon  them.  Each  battery  shall  be  dropped  once  from  a height 

of  30  i 2 Inches  onto'a  hard  surface  consisting  of  concrete,  wood  or  ' 

steel.  The  3 9/16"  x 2 I/I6"  sloe  of  the  battery  nearest  the  socket 
shall  be  parallel  to  this  surface  upon  release,  and  shall  make  contoct 
with  it.  If  any  failure  occurs,  the  contractor  shall  take  immediate 
e''tlon  to  correct  the  defect  and  eliminate  the  cause.  Hcv.cvcr,  pending 
this  action,  quality  conformance  acceptance  shall  be  withheld.  When 
the  nature  of  the  failure  has  been  determined,  and  the  necessary  corrective 
action  taken,  the  rejected  lot  and  all  batteries  In  process  at  the  time 
of  the  failure  shall  be  reworked  to  eliminate  the  defect.  Reworked  lots 
‘shall  be  rcinspccted  using  a sample  size  of  eight  (8)  batteries  with  no 
fa  I lures  perm! tted . 

Cell  Lot  Inspection: 

' ! 

I.  Cell  lot.  - A cell  lot  la  defined  aa  those  cells  of  a particular 
type  which  are  to  be  used  in  the  fabrication  of  a specific  battery  lot. 

Eoch  of  the  cell  lots  siia  1 1 bo  subjected  to  the  Inspection  program  outlined 
herein. 

C 1 osed-c i rcu i t voltanc  test.  - All  the  cells  In  a cell  lot  shall  be  pulse 
tested  for  five  (5)  seconds  with  a 2.5  ohm  resistance  lead.  Any  cell  whose 
voltage  falls  below  2 volts  during  the  5 second  pulse  period  shall  be  rejected 
for  use  In  battery  fabrication  or  further  cell  lot  testing. 
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• > 


. 1 • ? 
• • 

. • . 

3*  l6o*F  Storage  test.  - rrw  • cell  lot  thot  h«i  b««n  tostod  for  cloied*'*^^* 
circuit  voltage  select  thin/  (30)  cells  either  in  rendon  manner  or  at 
preselected  intervals*  whichever  .the  Covernmont  Inspector  deems  more 
desirable*  The  thirty  (30)  cells  shall  be  stored  et  I60*  for  two  (2) 

weeks  and  then  at  >20*  ±3*F  for  a minimum  of  stx  (6)  hours*  Each  cell 

shall  be  discharged  through  the  equivalent  call  load  and  to  the  equivalent 
cell  end  voltage  Ijt  accordance  with  the  initial  capacity  test  of  this 
Specif ication  Bhea*t* 

^ a.  If  all  thirty  (30)  cell  samples  exceed  the  minimum  capacity  sarvica 
requirement  by  a factor  of  at  least  IOX,tha  lot  aMy  ba  used  for  fabrication 
of  a single  lot  of  batteries.  . 

b*  If  there  are  two  (2)  or  more  failures  during  thq  capacity  testing  of 
the  thirty  (30)  cell  samples  the  cell  lot  shelf  bo  rejected.  If  only  one 
(I)  failure  occurs,  another  twenty  (20)  cell  samples  shell  be  selected  from 
the  same  lot  and  this  sama  test  shall  bo  repeated.  If  no  failures  occur 
during  retesting,  the  celt  lot  shell  be  considered  acceptable*  If  one  (I) 
or  iitore  cells  fell  during  retestlng^,  the  cell  lot  shall  be  rejected  and  new 
cell  lot  of  Icells  shell  be  slibrnltted  for  cell  lotHaspectio^u.,^^ 

* ■> 

A*  Cell  replenishment.  * io  order  to  replenish  the  twenty  (20)  cells  con- 
sumed by  the  additional  160'F  storage  testing,  twenty-three  (23)  cells  shall 
be  fabricated  when  necessary.  All  shall  be  subjected  to  closed-circuit  v. 
voltage  test  (2  adeve).  Any  cell  that  fails  this  test  shall  be  replaced 
by  one  Chat  has  passed.  Three  (3)  cell  samples  shall  be  selected  In  a 
random  manner  from  the  twenty-three  (23)  cells  that  have  passed  the  closed- 
circuit  voltage  test.  These  three  (3)  cell  samples  shell  be  tested  In 
accordance  with  the  160*F  storege  test  (3  above).  Mo  failures  are  permitted 
for  acceptance  of  this  replenishment  lot  of  twenty  (20)  cells.  If  one  or 
more  failures  occur,  the  lot  of  tv/enty  (20)  cells  shall  be  rejected  and  a 
new  lot  of  twenty-three  (23)  cells  shal’l  ba  fabricated  and  three  (3)  shall 
be  tested.  This  procedure  shall  be  repeated  until  no  failures  occur. 

PREPARATION  FOR  DELIVEPy; 

Preservation  and  packaging:  Preservation  and  packaging  shall  be  In  accordance 

with  latest  Issue  of  basic  specification  except  that  no  Intermediate  packag- 
ing shall  be  required  and  unit  packaging  shall  be  as  follows: 

A unit  package  shall  consist  of  one  battery  Individually  packaged  per 
method  1C-I  of  hlL-6-ll6.  Battery  she. I be  placed  In  a barrier  bag 
fabricated  of  naterlal  conforming  to  L-P-378,  type  I,  grade  B,  finish  I, 
having  a uniform  thickness  of  k.O  t O.S  mils  with  a heat  sealed  closure. 

The  bagged  battery  shall  be  placed  In  a close-fitting  paperboard  box 
conforming  to  fPP-B-bjS,  type  CF,  W6c  or  W5c,  stylo  optional  or  mIL-B- 
430W«.  Closure  shall  be  ar  specified  in  the  appendix  to  the  applicable 
box  specification. 
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* P»«ft  I 

1.1  Dftlfttft  tbift  pftrftgrftpb  in  Itft  ftntlrfttjr  ftod  fubstltut#  khft  foILowinf  t 

*1.1  Scopft  - Tbit  ftpoolflcfttloa  oortri  primry  bftttftrlfti  of  tb« 
Don>rftf«rvo  typ«  eonposod  of  ftlftotroebMloftl  o«ll«  ukiUslac  ft  UtltiMi* 
orgftDlo  ftleotrolyto-ftulfur  dloxld*  tyktea.* 

Fft«e  3 

3.2  Add  "Sulfur  Dioxide  CftS  Leftkftge*  3.16 

Bftge  7 

3.6.9  Safety  Reftturest  Delate  tbe  laet  tvo  aeotenees  end  aUbetltute  the 
following: 

"In  addition  to  tbie  eafety  precaution  each  eooplete  battery  ataall 
be  fused,  when  necessary,  with  a replaceable  c/3  aapere  tiae  delay  fuse. 

If  a battery  type  is  coaposed  of  nore  than  one  section,  each  individual 
section  shall  be  fused  separately,  vhen  necessary,  with  a replaceable  C/3 
aapere  tine  delay  fuse." 

Pag*  7 

Add  3.6.9. 1 Safety  Diodes  - Diodes  shall  be  used  in  all  parallel  cell 
arrangements  to  prevent  charging  in  the  event  that  one  or  more  cells  drops 
belov  2.95  volts  each.  Each  diode  eaployed  will  be  suitably  rated  so  that 
it  does  not  substantially  lapair  the  ojwrating  electrical  characteristics 
of  the  battery. 


Page  9 

I 

3.14.1  Add  "Do  not  charge,  incinerate,  or  autllate  this  battery." 

Page  10 

Add  3. 16  Sulfur  Dioxide  Gas  leakage  - Each  cell  used  In  a battery  shall 
have  a monthly  leakage  rate  not  to  exceed  0.005%  of  the  total  sulfur  dioxide 
In  the  cell  when  tested  In  accordance  with  4.7.12.  In  addition  each  cell 
shall  be  hermetically  sealed  having  such  features  as  a welded  top  and  a 
through  connector  such  as  a glass  to  metal  seal. 
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Add  ^*.7.12  Sulfur  Dioxide  Gas  Leakage  Test  - Each  of  the  cells  used  for 
cell  lot  acceptance  tests  called  for  In  the  Individual  specification  sheets 
of  this  specification  shall  be  weighed  to  the  nearest  ■llllgratn.  The 
weight  of  sulfur  dioxide  used  In  the  design  of  the  cell  shall  be  recorded. 
At  the  end  of  30  days  storage  at  I60*F  the  cells  shall  be  removed  from  the 
temperature  cabinet  placed  In  a desiccator  and  cooled  for  at  least  2 hours 
minimum,  and  then  weighed. 
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^0.  ABSTRACT  (Cmntliuf  mi  fmmf  *iA,  II  ntfttmr  m\4  I4mnlilr  *r  »»•*» 

Effort  has  commenced  on  the  MM&T  program  to  establish  the  fabri- 
cation technicjues  and  requirements  necessary  to  meet  hardware 
production  levels  as  specified  in  the  subject  contract.  A PERT/ 
TIME  NETWORK  was  developed  to  define  specified  management  and 
engineering  objectives  within  the  overall  program.  Initial 
hermetic  cell  and  battery  conponent  design  has  been  developed  to 
meet  and/or  exceed  all  performance,  safety  and  environmental 
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specifications.  The  basic  system  concepts  for  electrolyte  fill  and 
dispensing  I core  winding • cathode/anode  manufacture  and  hermetic 
closure  have  been  defined  to  permit  subseguent  integration  within 
an  operational  production  line.  Interface  with  automated  equipment 
manufacturers  will  continue  to  define  specific  machine  elements  and 
initiate  hardware  procurement  within  the  time  frame  of  the  PERT/ 
TIME  NETWORK. 
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